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THE STRUCTURE OF THE SPINAL CORD OF THE OSTRICH. 


BY 
GEORGE L. STREETER, M.D. 
Assistant in Anatomy, The Johns Hopkins University, Baltimore. 
From the Dr. Senckenberg Anatomie, Frankfort-on-Main. 


Witu 6 Text FIGURES. 


It is related by Herodian how the Kaiser Commodus beheaded ostriches 
and then watched them with delight and wonder as they continued run- 
ning about the amphitheater, apparently to no great extent inconven- 
ienced by the loss of their heads. That which served Kaiser Commodus 
as barbarous amusement frames itself for us into an interesting anatomi- 
cal problem, and calls to mind a similar phenomenon so often observed 
among the domestic fowls. What is, then, this arrangement of the nery- 
ous elements of the spinal cord of a bird that enables it to functionate 
so completely after separation from the higher centers ? 

Our present knowledge and methods do not suffice for a complete ex- 
_ planation of this problem, but we can lead the way toward a future solu- 
tion if we study out what can be learned at present concerning the his- 
tology of the bird spinal cord. In this sense, under the suggestion and 
guidance of Professor Edinger, I have undertaken the investigation of 
the structure of the spinal cord of the ostrich (Struthio camelus). This, 
beyond all other birds, distinguishes itself by the great length of its spinal 
cord, and, in comparison with the brain, its os size. 
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It is related by Herodian how the Kaiser Commodus beheaded ostriches 
and then watched them with delight and wonder as they continued run- 
ning about the amphitheater, apparently to no great extent inconven- 
ienced by the loss of their heads. That which served Kaiser Commodus 
as barbarous amusement frames itself for us into an interesting anatomi- 
cal problem, and calls to mind a similar phenomenon so often observed 
among the domestic fowls. What is, then, this arrangement of the nerv- 
ous elements of the spinal cord of a bird that enables it to functionate 
so completely after separation from the higher centers? 

Our present knowledge and methods do not suffice for a complete ex- 
_ planation of this problem, but we can lead the way toward a future solu- 
tion if we study out what can be learned at present concerning the his- 
tology of the bird spinal cord. In this sense, under the suggestion and 
guidance of Professor Edinger, I have undertaken the investigation of 
the structure of the spinal cord of the ostrich (Struthio camelus). This, 
bevond all other birds, distinguishes itself by the great length of its spinal 
cord, and, in comparison with the brain, its great size. 

In the literature, frequent reference is made to the spinal cord 
of birds. As early as 1868 Stieda* presents what could be seen in 
unstained preparations. He gives a review of the previous literature 
reaching back to Steno, 1667, and Perrault, 1699. All of the older inves- 
tigators of the spinal cord, such as Stilling and Clarke, have also studied 
more or less that of the bird, but it is the above mentioned work of 
Stieda that gave us first a clear and complete description. Of the more 
recent anatomists, mention is to be made of the works of Gadow* and 
Kolliker.” A number of investigations have been made which were limi- 


* Stieda, Studien tiber das centrale Nervensystem der Végel und Saugethiere. 
1Gadow, Bronn’s Klassen und Ordnungen des Thierreiches, Bd. 6, p. 406. 
*Kolliker, Gewebelehre, 1896. 
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ted to various parts of the cord, as, for example, the study of Duval’ 
concerning the Sinus rhomboidalis, and an experimental work of Fried- 
linder* on the fibre tracts. To these may be added also the works of 
Singer, Miinzer, and others who devoted themselves more particularly to 
the brain. It is, further, not to be forgotten that the studies of Retzius, 
Ramon-y-Cajal, van Gehuchten, and v. Lenhossek concerning the nerve- 
cells and fibres of the spinal cord in Golgi preparations were carried out 
largely on the chick. No attention, however, seems to have been directed 
toward the spinal cord of the ostrich. A cross-section, apparently of the 
thoracic region, is pictured by Hdinger,’ but is not otherwise described. 

The material on which this study is based consisted of three ostrich 
spinal cords taken from the neurological collection of the Anatomie. 
Two were practically intact; the third had been cut into segments. All 
three had been hardened in formol. After the macroscopic examination 
was completed, series of transverse sections were made in all segments. 
Unbroken sagittal and fronto-longitudinal series were prepared through 
three segments of the lumbar enlargement, and a fronto-longitudinal se- 
ries of one segment in the cervical region. Sections were also prepared 
of a decalcified vertebra showing the cord in situ with its membranes, the 
nerve roots, and spinal ganglia. Where other than the usual stains were 
used they are specified in the text. 


THE MENINGES. 


The cord is supported in the vertebral canal by a connective tissue 
sheath which, like that in mammals, may be described as consisting of 
three separate membranes or envelopes. In order, from within outwards, 
they are the pia, arachnoidea, and dura. These structures are repre- 
sented in Fig. 1. . 

Of the three envelopes the dura is by far the strongest. It is this 
that forms the tough fibrous sheath surrounding the cord, which one 
sees on the removal of the latter from the vertebral canal. It consists 
of a membrane .011 to .012 mm. thick, made of thickly-lying coarse fibres, 
and contains no blood-vessels. Outside the dura is a connective tissue 
layer which lines the vertebral canal, and forms the periosteum of the 
vertebre. ‘This, having the same histological character, may be described 


° Duval, Recherchés sur le Sinus Rhomboidal des Oiseaux, Journ. de l’Anat. 
et de la Phys., 1877. 

*Friedlander, Untersuch. tiber das Riickenmark und das Kleinhirn der 
Vogel, Neurolog. Centrabl., 1898. 

5 Hdinger, Nervose Centralorgane, 1900, p. 76. 
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as belonging to the dura, and as forming its outer layer. The cleft be- 
tween the two, the epidural cavity, is bridged over by loose strands of 
tissue supporting a plexus of blood-vessels. 

More or less adherent to the inner surface of the dura is the arach- 
noidea. Whether or not this, in the fresh state, is completely adherent 
to and possibly a part of the dura, could not be decided, as all the mate- 
rial used in this study had been through a prolonged hardening in formol. 
In the preparations at irregular intervals, they were still adherent, but in 
the greater part there was a separation of the two membranes, having 
more the appearance of an artificial tearing apart, or shrinkage forma- 


Arachnoidea 


Dura 


Epidural plexus Pia Epidural space 


Arachnoid space 


Nucl. marg. minor 
Dorsal root 
Ventral root 


Spinal ganglion 


Vein —— &, ; 
Key 


Fig. 1. Cross-section through the 4th cervical vertebra of the ostrich, show- 
ing the spinal cord and its membranes. One side is drawn at a point some- 
what higher than the other. Enlargement & 6. 


tion, than a natural cleft. In the space thus formed, there was no 
trace of serum, blood-cells, or other tissue. In cross-sections the arach- 
noidea shows itself as a delicate, thickly nucleated membrane, connected 
from its inner surface with the pia by a network of fine strands which 
form a meshwork of lymph spaces for the cerebro-spinal fluid, swbarach- 
notdeal cavity. 

The rootlets forming the ventral and dorsal nerve roots take their 
course through this loose tissue caudad or cephalad to the nearest inter- 
vertebral foramen, where they pass outward, piercing the dural sheath. 
In their course they carry along with them a connective tissue contri- 
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bution from the pia and dura,which, through the intervertebral foramina, 
is directly continuous with the peripheral nerve-sheaths; this tissue 
furnishes the capsule and framework for the spinal ganglia, which are 
found just external to the foramina and attached to the fibres of the 
dorsal roots. 

The pia, in contrast to the two more external membranes, forms, as 
we may say, an integral part of the structure of the cord, and serves to 
some extent as a framework, inasmuch as it is closely adherent to the 
peripheral layer of neuroglia and follows the outline of the cord entering 
all clefts and depressions. In the anterior median fissure it sinks to the 
bottom as a thick, strong lamella, septum ventrale, supporting, Just ven- 
tral to the anterior commissure, the arteria medullaris ventralis. 

The pia throughout is richly supplied with blood-vessels. Branches 
from these supply the cord, penetrating from the periphery inward and 
from the arteria med. ventr. outward. The vessels carry with them a 
connective tissue adventitia derived from the pia. In no case, however, 
were processes of pia seen entering the substance of the cord except as 
accompanying blood-vessels. This is easily demonstrated in specimens 
over-stained with iron hematoxylin and differentiated with picro- 
fuchsin. In such preparations the vessels, together with their connective 
tissue support, are stained brilliant red in contrast to the yellow-brown 
neuroglia septa which might otherwise be mistaken for pia. 

-At three places in its circumference, the pia receives an accession of 
thick dura like connective tissue: fibres, producing ligamentous forma- 
tions which extend as three longitudinal bands, lens-shaped in cross- 
section. Two of these are situated laterally, ligamenta longitudinalia 
lateralia, and one is situated at the attachment of the septum ventrale, 
ligamentum longitudinale ventrale. The former corresponds to what 
Berger® has described as the ligamentum dentatum in reptiles. Be- 
tween the 27th and 38th segments in the region of the lumbo-sacral en- 
largement, these bands reach a special development; they become much 
stronger and are modified in form. From the ligamentum long. ventr. 
pointed, tooth-like processes extend laterally to join the ligamenta long. 
lat. These processes fit closely in the intersegmental grooves, the sulci 
transversi, of the ventral surface of the cord. This is represented in 
Fig. 2, a. 

A resemblance between this structure and the dural tissue is at once 
noticed, but it is identified as modified pia from the fact that the arach- 


‘Berger, Ueber ein eigenthiimliches Riickenmarksband einigen Reptilien 
-und Amphibien, Sitzb. Wiener Akad. Wiss., Bd. Ixxvii, 3 Abth. 
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noid hes external to it, and separates it from the dura proper. In the 
intervening spaces the pia becomes thinner and web-like; here the 
eminentiz ventrales bulge forward and along their lateral border give 


off the ventral nerve roots which pierce the pia just ventral to the liga- 


VENTRAL DORSAL 
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Fig. 2. Ventral and dorsal surfaces of the lumbo-sacral enlargement of the 
ostrich spinal cord, enlarged to 1%4 natural size. The pial sheath has in part 
been stripped off in order to show the eminentie ventrales. X indicates 
the situation of one of the nuclei marginales majores. 


menta long. lat. Strong fibrous processes, ligamenta denticulata, ex- 
tend also lateral from the ligamenta long. lat. to the dural sheath and 
thus render further support to this region of the cord. See Fig. 5. 
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Caudal to the lumbo-sacral enlargement, the pia returns to the more 
simple sheath-like form as seen in the thoracic and cervical regions. 

A work on the comparative and embryological anatomy of the spinal 
cord meninges has recently been published by Sterzt.’ 

In the mammalian embryo (Ovis aries), 15 mm. long, the author de- 
scribes a mesenchyma perimeningeale which first produces a definite 
spinal cord membrane in the embryo of 20 mm. This he calls meninax 
primitiva. In the 80 mm. long embryo this membrane is differentiated 
into an outer layer or dura mater, and an inner layer or meninx secon- 
daria. ‘The two are separated by an intradural space. The dural layer 
is separated externally by the epidural space from an endorhachide 
which Sterzi finds always distinct from the dura. In the 157 mm. 
embryo the menina secondaria is further differentiated into an outer or 
arachnoideal layer and an inner or pial layer. In his comparative series 
the author finds the Petromyzon as representing the 20 mm. embryonal 
stage. The Rana esculenta and Lacerta viridis represent the 80 mm. 
stage. The development shown by the 157 mm. embryo with a differen- 
tiated arachnoid he finds only in the mammals. Our findings in the 
ostrich do not correspond with this. In Sterzi’s series the birds are re- 
presented by Gallus domestica in which he describes a meninx secondaria 
not yet differentiated into pia and arachnoid. In the ostrich we find, as is 
above described, an arachnoidal layer which presents all the distinguish- 
ing features of that of the mammalian cord. 


GENERAL MACROSCOPIC DESCRIPTION. 


The abrupt change from the slender cervical spinal cord of the ostrich 
to the thick medulla oblongata gives a rather definite level at which the 
cephalic end of the cord may be said to be located. From this point 
extending caudally it stretches throughout the entire length of the spinal 
canal, its slender tapering end extending to the last coccygeal vertebra. 
It measures 81 cm. long in a small ostrich, the middle of whose back 
stands about 60 cm. above ground, and whose head in the ordinary up- 
right position is 45 em. higher, or 105 cm. above ground.” 

From each side of the cord throughout its length is given off a series of 
fine rootlets which unite, within the dural sheath in segmental bundles, to 
form the dorsal and ventral nerve roots. These, together; pierce the 


‘Sterzi, Anatomia comparata ed all’ontogenesi delle Meningi midollari: 
Atti del Reale Instituto Venento di Scienze, Lettere ed Arti, Tomo LX, 1900- 
1901. 

* All the measurements hereafter stated are taken from this same specimen. 


Fic. 3. Topography of the spinal cord of the ostrich. The transverse sec- 
tions are all made on the same scale of enlargement and their proper levels 
are indicated on the drawing. 
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dural sheath, leave the spinal canal, and form the spinal nerves, as is 
described under the heading Meninges. Owing to the fact that the roots 
have a short intravertebral course, leaving the canal directly, a bundle 
of them forming a cauda equina is not here present, and the nerves thus 
correspond in position to the segments of the cord and to the vertebre. 
There are in our specimens 51 pairs of nerves. We may classify the 
nerves and segments after the morphology of the vertebre as follows: 


Region. No. of Nerve Pairs. Segments. 
Cervical 15 1st to 15th. 
Thoracic 8 16th to 28rd. 
Lumbo-sacral 19 24th to 42nd. 
Coccygeal 9 43rd to 51st. 


The topography of the cord is represented in Fig. 3. It will be 
observed that corresponding to the wings and legs the cord is in two 
places increased in size, the brachial and lumbo-sacral enlargements. 
The former is so barely visible that one notices at first only the enor- 
mously developed lumbo-sacral enlargement. A more careful observa- 
tion however discloses a slight increase in size in the region lying be- 
tween the 16th and 19th pairs of nerves. The difference in size is much 
more apparent in cross-sections. 

Fiirbringer ° describes the plexus brachialis of the ostrich as made up 
of the spinal nerves arising from the 17th to 21st segments, and this cor- 
responds to our cervical enlargement. It is this region, therefore, that 
we must think of as the sensory and motor center for the wing muscula- 
ture. 

The remainder of the cervical and thoracic portion of the cord is 
nearly uniform in size, and on section shows a rounded circumference. 
A fissura ventralis longitudinalis is to be seen, but dorsally in this region 
no fissure is present. The segments in a way are marked off at the 
attachment of the spinal nerves by a slight dorso-ventral compression and 
a corresponding increase in size laterally. 

In the lumbo-sacral region an entirely different appearance is pre- 
sented. It is in this region of the cord that the crural and sacral plex- 
uses are attached which supply nerve-fibres to the leg. The system of 
reflexes which is necessary for the control of the massive musculature of 
this member demands a large accumulation of nerve-cells and connecting 
nerve-fibres, and this accumulation forms the lumbo-sacral enlargement, 
the so-called “ Lumbar Brain.” As is stated above, the lumbo-sacral 


*Furbringer, Untersuchungen zur Morphologie und Systematik der Vogel. 
Theil I., Amsterdam, 1888. 
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region of the cord extends from the 24th to the 42nd segment. About 
one-half of this space, from the 26th to 37th, is occupied by the lumbo- 
sacral enlargement. 

A feature which contributes largely to the peculiar appearance of this 
part of the cord is the change occurring in the posterior longitudinal 
sulcus. What was a barely-perceptible furrow in the cervical and tho- 
racie cord becomes, at the beginning of the lumbo-sacral region, more 
distinct, and,where the 31st pair of nerves are given off, it rather abruptly 
widens out into a broad boat-shaped groove, the sinus rhomboideus 
sacralis. This reaches ventrally to the commissura anterior, and spreads 
apart the posterior funiculi from the 31st to 36th segment, at which 
point the sides again come together and are continued as the posterior 
longitudinal furrow. This sinus is filled with a delicate gelatinous 
tissue, the structure of which will be discussed later. 

A drawing of the dorsal surface is reproduced in Fig. 2, b; lateral to 
the sinus can be seen the sharply-defined dorsal funiculi increasing in 
size from below upward. Each dorsal funiculus is bounded laterally by 
a dorso-lateral groove, at a point corresponding to the tip of the dorsal 
horn. Entering this groove are the enormous dorsal nerve roots, grouped 
into segmental fibre bundles. 

Fig. 2,a shows the ventral surface of the enlargement. At two 
places the pial sheath has been left intact. In this part of the cord the 
pia is considerably modified from the form which is present in other 
regions. Beginning at the 26th segment there is a marked increase in 
the size of the thickened strips of the pial sheath, or ligamentous bands. 
The pia in the intervening spaces becomes thinner and more web-like. 
Between the 30th. and 37th segments the ligamentum long. ventr. sends 
out tooth-like intersegmental processes which join the ligamenta long. 
lat., and the ligamentous structure thus formed affords a strong support 
where, owing to its specialized character, the cord demands more than 
ordinary protection. 

On removing the pia, there is seen an enlargement of the fissura longi- 
tudinalis ventralis, which forms a sinus resembling, to some extent, the 
sinus rhomboideus of the dorsal surface, though it is shorter and nar- 
rower. Moreover it is not filled with the gelatinous semi-transparent 
tissue as seen in that sinus, and at the bottom one can see the cross-fibres 
of the commissura anterior. The space where the fissura long. ventr. 
may be called a sinus, extends from the 31st to the 35th segment, and is 
1.3 mm. wide. 

The great increase in the anterior horn elements, which occurs in the 
enlargement, is segmental in character, and forms segmentally projecting 
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masses of grey substance whose outline can be seen on the ventral surface 
of the cord as rounded elevations, eminentiae ventrales, which bulge for- 
ward through the ligamentous framework. There is thus formed a series 
of hill-like prominences separated by intersegmental grooves, sulct 
transversi. In the grooves lie the lateral prongs of the lgamentum 
long. ventr. From the lateral border of the segmental elevations arise 
the motor nerve roots as a row of fine rootlets which pass through the 
web part of the pial sheath just ventral to the ligamenta long. lat. 

On examining the lateral surface of the cord in the region from the 
31st to 36th segment, one sees, just dorsal to the ligamenta long. lat., at 
the level of each sulcus transversus, a small oval greyish projection meas- 
uring 1.4 mm. long and 0.4 mm. wide. These projections are the 
nuclet marginales majores, or the Large Hofmann Nuclei. They are 
easily seen with the naked eye, but better with a lens and under water. 
A description of them will be included under the heading Nerve-Cell 
Groups. 

Caudal to the lumbo-sacral enlargement the cord decreases abruptly in 
size and extends, gradually tapering, to the end of the spinal canal. 
There is no cauda equina. A section of the most caudal pieces of our 
specimen shows a central canal and a similar general arrangement of grey 
and white matter as present in other parts of the cord. 

From Gadow’s” work we can localize the peripheral parts that are 
controlled by this region of the cord. Gadow describes the sacral plexus 
as consisting of three individual groups: plexus cruralis; plexus ischi- 
adicus; plexus pudendus. The nervus sacralis, which, by means of its 
bifurcated root, joins the latter two plexuses, he locates in the ostrich at 
the 37th segment. The nervus furcalis, which separates the plexus 
ischiadicus from the plexus cruralis, he places at the 31st segment. 
Thus the plexus cruralis is attached to the cord from the 27th to the 31st 
segment, or the cephalic half of the enlargement. We may, therefore, 
locate here the nerve-cell groups belonging to the trochanter muscles and 
the muscles situated on the medial and anterior side of the femur, to 
which area the plexus cruralis is distributed. The plexus ischiadicus 
arises by 7 roots from the caudal half of the enlargement, the 31st to 
37th segment. The roots of this plexus unite to form nervus ischia- 
dicus which supplies the massive group of muscles on the lateral and 
posterior sides of the femur and the muscles of the lower leg. Caudal to 
the 37th segment is situated the pudendal plexus ‘which innervates the 
anal and genital musculature. Beyond the 43rd segment arise the deli- 
cate caudal nerves which supply the coccygeal muscles. 
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ARRANGEMENT OF WHITE AND GREY SUBSTANCE. 


A cross-section of the cord shows, in a general way, a central four- 
horned area of grey matter surrounded by a much larger area of white 
matter. The two dorsal horns of grey matter separate off a portion of 
the latter forming the dorsal funiculi, so called in distinction to the re- 
mainder of the white matter, or ventro-lateral funiculi. The eutline 
and relative size of these individual areas in different levels of the cord 
are shown in Fig. 3. 

A great variation exists in the size of the dorsal and ventral horns, 
as well as the anterior commissure. These structures are apparently 
closely interrelated, as they undergo the size-variation in unison. All of 
them reach their greatest development in the lumbo-sacral enlargement. 
Of the ventral and dorsal horns, the latter show less increase in size in 
the two enlargements. In the cervical region the dorsal horns are re- 
duced to a narrow strand of grey matter and fail to reach the border of 
the cord. The white commissure, commissura ventralis, connecting the 
two halves of the cord is present at all levels, and will be described more 
in detail in connection with the fibre tracts. The grey commissure from 
the 31st to the 36th segments entirely fails. Its place is filled by the tis- 
sue of the sinus rhomboideus. 

A more exact knowledge of the total area of transverse sections made 
at different levels, and the relative area of the antero-lateral funiculi, the 
dorsal funiculi, and the grey substance was obtained by a method which 
allows the calculation of the areas in square mms. 


In this method one makes a series of outline drawings (in our case the 
Edinger drawing apparatus was used). of the various segments on a Sheet of 
evenly-rolled lead or tin foil. Thick cardboard can also be used when the 
drawings are large. The drawings of the individual segments thus out- 
lined on the sheet of lead are all magnified on the same scale. A drawing 
is also made in a similar way and with the same enlargement of a square 
cm. which has been outlined in ink on a glass slide. The drawings of 
the different segments and of the square cm. are then cut out from the lead 
sheet, and the segments further cut apart into the different areas. These 
pieces are all separately weighed. The ratio then, between the weight of each 
individual part and the weight of the piece representing the square cm., is 
equivalent to the area of this part. 

Sections were taken from each segment of the ostrich cord, and the area of 
the various fields was thus calculated. The sections were taken uniformly 
near the departure of the nerve to avoid the discrepancy that might occur 
from differences in the same segment. This variation in the upper part of 
the cord is hardly appreciable. In the lumbo-sacral enlargement, however, 
it is more marked, and we have a distinct segmental character given to the 
cord by the increase in the size of the ventral horns, which occurs in the 
middle of the segment. Taking the sections at the level of the roots has the 
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further advantage that here the boundary of the dorsal funiculi is more 
sharply defined, owing to the larger number of entering dorsal root-fibres. 


The results of the method in our case are represented in the adjoin- 
ing table: 
TABLE 


SHOWING SIZE OF VARIOUS AREAS OF CROSS-SECTIONS OF CORD AT DIFFERENT LEVELS. 
THE NUMBERS GIVEN INDICATE SQUARE MMS. 


Segment. | Grey Matter. | ore \borear Funiculi. Total Area. 
| | 

3 | 7 | 8.7 | 7 10.1 

5 a | 9.1 | 7 10.5 

7 yi | 9.1 7 10.5 
12 BS 9.2 Gh | 10.7 
13 9 B48 | 7 10.4 
14 9 8.9 | a 10.5 
16 18 10.9 | =) 13.1 
17 1.9 12.2 | et 15.2 
19 1% 10.9 9 13.5 
20 13 | 9.9 7 19 
21 | 1.2 | 9.9 | 6 side 
22 | 2 8.9 5 10.6 
24 1.5 | 10.5 £7 Oey 
26 2.1 | 11.9 il sit 15.1 
Di 4.4 14.9 | Dil 21.4 
28 6.3 18.5 3.1 O77 
29 8.6 21.9 4.3 | 34.8 
30 9.6 23.5 5.4 38.5 
31 7.8 18.9 4.4 Balen! 
32 oe 16.6 | 3.5 27.3 
33 5.9 14.2 | 8.1 By) 
34 4.8 | 9.3 | ll | 16.2 
35 3.5 | 6 9 1 | 11.5 
36 1.9 5.2 | 6 | That 
38 1.0 3691 | 5 4.6 
44 4 9 | gZ 1.5 


These areas and their relative size are more graphically represented in 
the diagram given in Fig. 4. The size of the grey substance, the ventro- 
lateral funiculi, and the dorsal funiculi in typical segments are repre- 
sented by curves, the height of which signifies square mms. as shown 
by a scale on the left. 

From this diagram it is apparent that the ventro-lateral funiculi form 
by far the greatest area at all levels. The proportion is much greater 
above than below the lumbo-sacral enlargement. This could be ac- 
counted for in part by the presence of tracts connecting the enlargement 
with the brain centers. In both the cervical and lumbo-sacral enlarge- 
ments the increase in area of the ventro-lateral funiculi is greater than 
that of the grey matter and dorsal funiculi. This is doubtless due to 
the large number of association fibres which form a field of fine fibres 
surrounding the anterior horns. 
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Between the curves which represent the grey matter and the dorsal 
funiculi there is a closer uniformity in size; although the former shows 
a greater increase in the regions corresponding to the wing and leg mus- 
culature. 

Of all three curves on the diagram that of the dorsal funiculi indicates 
the smallest as well as the least variable area. It is smallest at the 44th 
segment, and presents practically no change as we proceed cephalad until 
the 36th segment. If we look at Fig. 2, b it is to be seen that the dorsal 
nerve roots from the 36th to 31st segment are enormously increased in 
size. Corresponding to the entrance of these large dorsal nerve roots, 
in the. same segments in the diagram there is an abrupt ascent of 
the dorsal funiculi curve. Attention is called to the fact that the in- 
erease in the size of the dorsal funiculi extends cephalad from the point 
of increased dorsal root fibres. Therefore we may assume that the col- 
laterals in the dorsal funiculi extending caudalward from the dorsal roots 
are either very few in number or very small in diameter, and that the 
general course of the entering impulses is in the cephalic direction. 

The descent of the curve of the dorsal funiculi from the 30th to the 
26th segment is as abrupt as the previous ascent. While in a space of 
six segments the area of the dorsal funiculi was increased nine times in 
size, this area, four segments higher up, has lost already more than 
three-fourths of this increase, and so the area at the 26th segment 
is only one-fourth of that at the 30th. If we take for granted that 
all the fibres that leave the dorsal funiculi enter the grey substance. 
and that there is very little variation in the size of the fibres from the 
30th to 26th segment (both of which facts are confirmed by microscop- 
ical study of the cross-sections) then we may say that three-fourths of 
the fibres present in the dorsal funiculi at the 30th segment have en- 
tered the grey substance before the 26th segment. In other words the 
course of the dorsal root fibres within the dorsal funicult is a short one, 
and not more than a small proportion of these fibres ever reach the 
medulla by this tract. 

That which is apparent regarding the dorsal funiculi in the lumbo- 
sacral enlargement is seen again in the cervical enlargement, though in 
the latter it is less marked. Above the cervical enlargement the rate of 
accession and loss of fibres in the dorsal funiculi maintains a constant 
balance, and the curve of area runs as a horizontal line. 


FINER STRUCTURE OF THE CORD. 


By the usual methods of staining, the cord resolves itself into three ele- 
ments: Neuroglia, which forms the general framework; Nerve-Cells 
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and Myelinated Axis-Cylinders, which form the fibre tracts and make up 
the bulk of the white substance. The histology of the cord will be dis- 
cussed under these heads. 

The neuroglia was studied in preparations stained by the iron hema- 
toxylin picro-fuchsin method of Weigert. This method cannot be spoken 
of as a glial stain; on the contrary, the glia does not stain with fuchsin as 
in the original Van Gieson method, but remains a yellowish brown and 
is seen in sharp contrast to the brilliant red connective-tissue elements. 
By combining the original Van Gieson method and the Weigert modifi- 
cation we may study the glial distribution by a process of exclusion ; this 
permits the following general description : 

The glia fibres are more numerous in the grey substance than in the 
white, and are more numerous in the ventral horns than in the dorsal 
horns. They form an especially thick mass in the region of the central 
canal. In the white matter on the periphery, adjoining the pia, is a 
rather uniform layer of closely-lying fibres which forms a glial sheath to 
the cord, the peripheral glia sheath. 'This layer, at a point corresponding 
to Lissauer’s fasciculus, is thickened and extends into the substance of the 
cord as a broad strand to meet the tip of the dorsal horn, which fails to 
reach the border of the cord. This strand spreads laterally to the dorsal 
horn and forms the web-like formatio reticularis situated in the median 
part of the lateral funiculus. 

In most sections another glial process is seen extending from the 
sulcus longitudinalis dorsalis toward the central canal, the septum longi- 
tudinale dorsale, supporting a blood-vessel with its connective tissue 
sheath. Aside from the peripheral sheath and the processes as mentioned, 
the glia of the white substance forms a more or less uniform framework, 
supporting the nervous elements proper. There remains to be mentioned 
a special modification of the glial arrangement associated with the forma- 
tion of the sinus rhomboideus. 


Sinus RHOMBOIDEUS. 


A macroscopic description of this structure has already been given, and 
we have spoken of the delicate gelatinous tissue with which it is filled. 
From the study of a series of transverse sections through this region it is 
our conclusion that this tissue is not a new structure, but is identical with 
the peripheral glia sheath and the septum dorsale which have become 
modified in their histological character. 

In sections through the 29th segment there is a marked increase in 
the size of the sulcus longitudinalis dorsalis, which penetrates ventrally 
one-half the length of the septum dorsale and splits it in wedge-shape 
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fashion. In the 30th segment the sulcus extends the entire distance to 
the grey commissure completely separating the dorsal funiculi and form- 
ing the cephalic end of the sinus rhomboideus. At this level a change 
in the character of the glia shows itself in that part of the peripheral 
sheath between the ventral and dorsal nerve roots, as well as in the 
grey commissure and the adjoining divided septum dorsale. In these 
places instead of a compact mass of fibres the glia shows a looser and 
more sponge-like appearance. In the succeeding sections this glial modi- 
fication rapidly increases in extent, coincident with the increase in the 
size of the sinus, and reaches its maximal deyelopment between the 30th 
and 36th segments. A drawing from this region is reproduced in Fig. 5, 
and a portion of the glial web is shown under higher magnification. It 
is thus seen that the peripheral glia sheath throughout the ecireumfer- 
ence of the cord, except at the attachment of the ligamenta denticulata, 
is changed into, or replaced by, a tissue consisting of enormous cells 
(.003 to .004 mm. in diameter), the body of each of which is filled with 
a transparent fluid of undetermined nature which crowds the small 
nucleus to one side, or the nucleus is suspended in the fluid supported by 
a slender stalk of cell tissue. It resembles fat tissue to some extent. 
It however fails in frozen section to stain with Herxheimer’s solution 
of Fettponceau. In iron-hematoxylin picro-fuchsin preparations there 
is no trace seen of connective tissue fibres. The cells remained unstained 
like the neuroglia cells of other parts of the section. By exclusion, then, 
we are led to consider them as modified neuroglia cells, though we un- 
fortunately lack the definite evidence of a selective stain. 

The sinus rhomboideus of birds has always been an object of interest 
to investigators, especially as to the character and significance of the 
gelatinous material with which it is filled. Of the earlier writers the 
work of Duval” may be referred to, the results of which were more or 
less confirmed recently by Kélliker.” Both of these authors from em- 
bryological evidence agree ds to the glial nature of the tissue filling the 
sinus. ‘They, however, do not make mention of the presence of this web- 
like material around almost the entire circumference of the cord. 

The grey commissure and the septum dorsale are entirely changed 
into this tissue, which thus fills the sinus as a broad network separating 
the blunt ends of grey substance and the dorsal funiculi and extending 
ventralward to the commissura ventralis. In the ventral part lies the 


Duvalle ie: 
* KGlliker, Ueber die oberflachlichen Nervenkerne im Marke der Végel und 
Reptilien. Zeitschrift f. wiss. Zool., LX XII, 1. 
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central canal held in suspension by a few coarser strands of glia fibres 
which lie among the cells and bridge over the space separating the grey 
matter. ‘This meshwork formation of these modified glia cells extends 
somewhat into the territory of the white substance along the borders of 
the dorsal, lateral and ventral funiculi. Under low power this ragged 
edge of white substance gives the deceptive appearance of an artifact. 

From the 38th segment caudalward there is a gradual retrogression of 
neuroglia to the form as previously described. 


Collaterals from dorsal funiculu 


Invasion of white substance. 


Lat.group gang cells. _ 


Nuel. marginalis _ <¥3 
major- “ 5 


Liganientum long. lat 

ae (Ligamentum dentic) 
ai Ventral root fibres 

Feta 


Anterior commissure 
Central Canal 


Ligamentum dentic. 
Periph glia unmodified. 
Periph. gla modified. 
Ligamentum long ventr 


Fic. 5. Cross-section of the lumbo-sacral enlargement of the ostrich spinal 
cord, ac the 36th segment, enlarged 12. A portion of the sinus rhomboideus 
tissue is shown above with an enlargement of 270 x. 


CENTRAL CANAL. 


The cylindrical epithelial cells lining the central canal form a layer 


.007 to .015 mm. thick which is supported by a thick mass of glial tissue, 
2 ‘ 
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the substantia gelatinosa centralis, in the middle of the grey commis- 
sure. Where the grey commissure is lacking, in the region of the sinus 
rhomboideus, the central canal is supported just dorsal to the commissura 
ventralis by the loose strands of glial fibres which bridge over the space 
between the blunt ends of grey substance. 

The lumen of the canal varies in irregular manner from round to oval, 
and where it lacks the support of the grey commissure it is no more than 
a narrow slit. Where it is round or oval it has a diameter averaging from 
.035 to .04 mm. In both cross and longitudinal stained preparations 
there is seen within the lumen the so-called Reissner’sche Centralfaden. 
Kolliker™ in a recent contribution gives the opinion that it is a “ nattr- 
liche Bildung beim Vogel, Reptilien, und Amphibia,” and also finds.in it 
“eine tiberraschende Aehnlichkeit mit einem Achsencylinder.” This is 
contrary to Gadow “ who considers it a product of shrunken cerebro-spinal 
fiuid and lymph corpuscles. In favor of the view as held by Gadow may 
be stated the three following facts: The structure shows a marked and 
irregular variation in form and size in different sections; in some trans- 
verse sections it was seen as multiple “ Centralfaden”; in sections 
stained with toluidin blue it retains a deep blue stain while the axis-cylin- 
ders in all other parts of the section are unstained. 


NERVE-CELL GROUPS. 


The majority of the nerve-cells of the spinal cord of the ostrich are 
situated in the grey matter of the ventral horn. There are, however, 
many cells in the grey commissure and the dorsal horn, and there are 
still other cells among the fibres of the white substance, especially near 
the periphery. These cells vary at different levels in their form, size, and 
manner of grouping. For their descriptions the following classification 
has been found advantageous: 


Lateral cells. 
Dorso-lateral cells. 
Ventro-lateral cells. 
Small mixed cells. 
Giant cells. 


1. Lateral Group— 


2. Central Group— 


cP oop 


3. Commissural Group— 
4. Dorsal Group— Clarke cells. 

Dorsal horn-cells. 

Nuclei marginales majores. 
Nuclei marginales minores. 


Scattered cells. 


5. Peripheral Group— 


eg Pp oD 


13 Kolliker, L. c., p. 159. 
4 Gadow, L. c., p. 338. 
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The lateral group consists of more or less uniformly large multipolar 
cells, which in finer histology closely resemble the motor cells of the 
ventral horns of the higher vertebrates. Their distribution in typical 
sections is shown in Fig. 6. They are seen in every section, but vary in 
number, being most numerous in the lumbo-sacral region and _ least 
numerous in the cervical segments. Corresponding with the number 
there is some variation in the size; those in the cervical segments average 
.02 mm. in diameter, while in the lumbo-sacral region there are many 
cells over .04 mm. This group may be further subdivided into cells 
having lateral, dorso-lateral, and ventro-lateral positions. A particularly 
well-defined group of the ventro-lateral cells occurs in the region of the 
sinus rhomboideus (Fig. 6, seem. XXXVI). 

If we compare this lateral group with the cells of the human cord as 
classified by Waldeyer,” it is apparent that it corresponds to his median 
and lateral groups, each of which he subdivides into anterior, middle and 
posterior subgroups. The cells of the lateral group in segment XXXVI 
could have been separated in a similar manner into a median and a lateral 
group; the ventro-lateral cells would then well correspond to Waldeyer’s 
median group, and the lateral group could ‘be further subdivided into 
anterior, middle and posterior groups. Such a classification in the ostrich 
however serves only irregularly and for isolated segments, and therefore 
this distinction between the cell groups was not attempted; but all the 
large multipolar cells of the ventral horns, the so-called motor cells, were 
put under the one general class, the lateral group, as described above. 

Most of the cells of the lateral group apparently send their axis-cylin- 
ders into the ventral nerve-roots. The axis-cylinders of the ventro- 
lateral cells, however, seem to enter the commissura ventralis. No 
attempt to establish such relations could be made without Golgi prepa- 
rations, and these unfortunately were not to be had from our material. 

The central group occupies the area of junction of the ventral and 
dorsal horns, and invades the territory of the horns proper. It con- 
sists of loosely-scattered cells which vary greatly in size and average a 
third smaller than the cells of the lateral group. They also stain less 
intensely and have fewer processes, consequently having less tendency 
to a multipolar form. 
~ In the lumbo-sacral enlargement there appear cells among this group 
which from their size we may speak of as giant cells. They are quad- 
rilateral or rounded in shape, and vary from .03 to .09 mm. in diameter. 


* Waldeyer, Das Gorillartickenmark, Abhandl. der kgl. preuss. Akad. der 
Wissensch. zu Berlin, von Jahre 1888. 
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They are distinguished from the Clarke cells and cells of the lateral 
group by having fewer processes, by their tendency to easy disintegra- 
tion, staining less intensely and having finer granules in the cell 
body. These cells are present throughout the whole enlargement, 


but are more numerous in the upper part (27th to 31st segments). A 
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Cell-groups in the grey substance of the spinal cord of the ostrich. 


few are also seen in the 13th to 16th segments, just above the cervical 
enlargement. As can be seen in Fig. 6, seem. X XIX, they are scat- 
tered over the entire area of the central group. Very often they are 
seen on the extreme ventral or dorsal border of the grey matter. The. 
largest number seen in any one section (20m thick) was eight. These 
giant cells present a striking similarity to the large cells seen in the 
lateral group of the nucleus funiculi gracilis of the human medulla. 
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The commissural group is made up of a compact group of small 
intensely-staining multipolar cells, which are found in the grey com- 
missure in the thoracic division of the cord, from the 20th to 27th seg- 
ments. It suggests, by its position, a possible relation with the viscera. 

The dorsal group includes in sections through the 26th to 31st seg- 
ments a small group of cells on the median border of the grey matter 
at the junction of the two dorsal horns. The cells of this group resemble 
those of the lateral group, though slightly smaller. From their similarity, 
in position and appearance, to the group in the mammalian cord these are 
classed as Clarke cells (see Fig. 6, segm. XXIX). Otherwise as.note- 
worthy are classed under the dorsal group the occasional small multi- 
polar or spindle-shaped cells, which are seen on the periphery of the 
dorsal horn both median and lateral, and frequently on the tip of the 
horn near the entrance of the dorsal root. 


PERIPHERAL GROUP. 


In 1889 Lachi™ described a peripheral group of nerve-cells forming a 
series of segmental projecting nuclei, occurring in the lumbo-sacral 
enlargement of the spinal cord of doves. This nucleus was seen later 
by Gaskell and Schafer but attracted little attention until K6lliker* 
originally unaware of Lachi’s work, published the results of a most 
complete study of this structure, both in the embryo and the adult bird. 
Kolliker finds three varieties of peripheral cell-groups, namely: Hof- 
mann’sche Grosskerne, so named after his Priparator P. Hofmann, who 
had called his attention to them; Hofmann’sche Kleinkerne; and a 
scattered group. 


In the embryonal cord, 4%- to 5-day chick, Kélliker describes a group of 
cells separating itself from the superficial cells of the ventral horn. This 
group in the 10-day chick is completely separated and forms a definite peri- 
pheral nucleus, the Hofmann’sche Kerne. There are 28 of these nuclei on 
each side of the cord, segmentally arranged according to the 28 spinal nerves 
and ganglia. Of these nuclei the 5 or 6 pairs, corresponding to the level of 
the sinus rhomboideus, undergo a marked development, and in the 15-day 
chick can be seen bulging from the periphery of the cord just dorsal to the 
ventral nerve roots, Hofmann’sche Grosskerne. ‘The nuclei in the other 
regions of the cord do not share this development, but remain more or less 


* P. Lachi, Alcune particolarita anatomische del ringonfiamento sacrale nel 
midollo degli uccelli, Memorie della Societ&é Toscana di Scienze Naturali. Vol. 
X, Pisa, 1889. 

- * Kolliker, a.—Ueber einen noch unbekannten Nervenzellenkern in Riick- 
enmark der Vogel, Akad. Anzeiger (Wien), Nr. XXV, 1901. b.—Weitere Beo- 
bachtungen tiber die Hofmann’schen Kerne am Mark der Vogel, Anatom. 
Anzeiger, Bd. XXI, Nr. 3, 1902. ec—nL. ec. 
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rudimentary, the Hofmann’sche Kleinkerne. The third or scattered group is 
made up of cells similar to the lateral group cells of the ventral horns, and 
occurring at irregular points on the periphery of the ventro-lateral funiculi, 
more especially near the exit of the ventral nerve roots and near the Hof- 
mann’sche Grosskerne. K6lliker considers these cells to be detached elements 
from the ventral horns. 


In the ostrich the occurrence and arrangement of peripheral cells is 
similar to that found by Kolliker and Lachi in the dove and hen. In 
describing them we follow Kolliker’s classification, but would substitute 
more descriptive names. 

The nuclei marginales majores (Lobi accessori.mLachi; Hofmann’sche 
Grosskerne.—Kolliker) lie on each side of the cord just dorsal to the 
ligamenta longitudinalia lateralia at levels marked off by the sulei 
transversi ventrales. Of these nuclei 6 pairs could be readily seen with 
the naked eye. They appear as elongated oval greyish semi-translucent 
elevations measuring macroscopically 1.0 to 1.4 mm. long. The inter- 
val between successive nuclei averages 6.0 mm. Each segment of the 
lumbo-sacral region was cut in transverse or longitudinal series, mostly 
the former. In studying these sections this nucleus was identified in 
the 30th, 31st (32d injured in removing the cord), 33d, 34th, 35th, 
and 36th segments. Thus the nucleus occurs in the region of the sinus 
rhomboideus, extending a little cephalad as well as somewhat caudad to 
it. Microscopically in the preparations the nucleus is seen projecting 
from the lateral: border of the cord just dorsal to the attachment of the 
ligamentum denticulatum, as is represented in Fig. 5. 

The size of the nuclei averages among the larger ones .10 to .18 mm. 
antero-ventral diameter, and .08 to .12 mm. lateral diameter. In a 
continuous series of sections 20» thick the nucleus is present in 62; 
that is the nucleus is 1.24 mm. long. These dimensions are somewhat 
smaller than the macroscopic, as could be expected from shrinkage 
associated with the embedding process, and possibly partly due to greater 
accuracy in measuring, the boundaries of the nuclei being more definite 
in the prepared and stained specimen. 

The free border of the nucleus is overlapped by pia, and the inner 
border merges gradually into the white substance of the cord. It con- 
sists of a network of glia tissue, somewhat looser and more vascular than 
the adjoming cord. In this sponge-like framework lie a number of 
multipolar ‘nerve-cells and myelinated axis-cylinders. The cells resem- 
ble those forming the lateral group of the ventral horn, but are not 
more than one-fourth to one-sixth as large. In one nucleus 10 of 
these were seen in which the cell nucleus was eut through. In the 
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majority of sections there are not more than 5 such cells present. The 
myelinated axis-cylinders have mostly a longitudinal course, and are 
about the same size as those in the neighboring periphery of the cord. 
Throughout the greater part of the nucleus they are uniform in num- 
ber, 112 were counted in one section, but such a count is subject to 
error as it is often difficult to say whether the fibres belong to the lateral 
funiculus or to the nucleus owing to the indistinct inner border of the 
latter. In studying a complete series of transverse sections through the 
nucleus, prepared after Weigert’s myelin-sheath method, one gets the 
impression that these large axis-cylinders belong properly to the lateral 
funiculus. In such sections near its caudal and cephalic ends the 
nucleus appears as a small island of increased glia tissue lying in the 
midst of the axis-cylinders near the border of the cord. In the suc- 
ceeding sections this glia tissue rapidly increases in amount and envelops 
and carries with it the surrounding nerve-fibres, until finally it bulges 
from the side of the cord as an exuberant overgrowth. The large size 
of the nerve-fibres compared to the cells of the nucleus, and their uni- 
formity in number at different levels, would also lend support to the 
view that they are independent of the cells and not properly a part of 
the nucleus. There are, however, a certain number of fine axis-cylin- 
ders seen in the sections, both with longitudinal and oblique course, 
which may be related to the cells embedded in the nucleus. 

The nuclei marginales minores (Hofmann’sche Kleinkerne) are seen 
in sections taken from the cervical region at levels where the nerve 
roots make their exit from the dural sheath and vertebral canal. Their 
size and general position are indicated in Fig. 1. They do not project 
from the periphery of the cord and have no appearance of activity. The 
cells are small and are not definitely multipolar. The glia in which 
they lie is only slightly increased over that present in other regions of 
the periphery of the cord. 

The scattered group includes multipolar cells similar to those of 
the ventral horn, both in shape and size. One or two of these are found 
in nearly all sections of the lumbo-sacral enlargement, lying among the 
fibres of the periphery of the ventro-lateral funiculi. They are found 
most often near the nuclei marginales majores, or among the fibres 
leaving the cord as the ventral root. It is this group that Kolliker 
regards as detached elements from the ventral horns. 

In regard to Koélliker’s™ suggestion of a relation between the Hof- 
mann’sche Grosskerne and the enormous size of the commissura ven- 
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tralis we may state the fact that a longitudinal ventro-dorsal section 
cut through the commissura ventralis, from the 32nd to 34th segment, 
shows that the commissure here is practically uniform in the ventro- 
dorsal diameter. It presents no segmental increase in size at the levels 
of the Hofmann’sche Kerne which would be expected if the size of the 
commissure in the lumbo-sacral enlargement were due to the presence of 
these nuclei. 


FIBRE TRACTS. 


Myelinated fibres are present both in the grey and white substance 
of the cord. In the former they are seen in the preparations in cross 
and longitudinal section, and form a network which cannot be resolved 
into definite fibre tracts. 

The great bulk of the spinal cord fibres make up the white matter, 
and form a thick envelope surrounding the grey substance. This en- 
velope may be separated into ventral, lateral and dorsal funiculi. The 
boundary between the first two is an artificial one, produced by the 
fibres of origin of the ventral nerve roots. At levels where those fibres 
are few or absent there is no point of division between the two funiculi. 

The dorsal funiculi are more sharply defined. They are separated 
from each other by the septum posterior, and separated from the lateral 
funiculi by the dorsal horns and the glial processes which extend from 
the tip of the horns to the peripheral sheath of the cord. 

The general variation in size and shape of the dorsal funiculi occur- 
ring at different levels of the cord can be seen in Fig. 3. The definite 
area is recorded by a table and by Fig. 4, in which a diagram gives the 
area in a curve indicating square mms. Thus a further mention of the 
shape and size of these funiculi is here not necessary. 

In their finer structure the dorsal funiculi consist of fibres of en- 
trance and departure, and fibres having a longitudinal course. The 
bundles of fibres entering as the dorsal nerve roots vary greatly in size, 
as is seen macroscopically. Those in the lumbo-sacral enlargement are 
two or three times larger than those in the cervical enlargement, and 
about five times larger than those of the upper cervical region. These 
fibres enter obliquely as a compact bundle at the dorso-lateral border of 
the funiculi. The bundle then breaks up into loose strands, disappear- 
ing among the longitudinal fibres. No fibres could be seen to enter the 
grey matter directly. In longitudinal sections most of-the fibres could 
be seen to bend upwards, and could be traced a short distance in the 
longitudinal direction. A few fibres were seen which, on entering, turned 
caudalwards. In neither Van Gieson nor Weigert preparations, how- 
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ever, was a “Y” form seen, where the entering fibre had both a 
cephalad and caudad collateral. That so few fibres take a downward 
course accounts for the fact that in the 35th and 36th segments, where 
there is a pronounced increase in the size of the dorsal nerve roots, the 
corresponding increase in the size of the dorsal funiculi is in the cephalic 
direction. Furthermore, the course of these fibres in the dorsal funiculi 
cannot be a long one, and this is shown by the rapid decrease in the 
size of the funiculi coincident with the decrease in the number of enter- 
ing fibres, a fact which we have already referred to in the consideration 
of the diagram, Fig. 4. 

The collaterals from the dorsal funiculi to the grey matter vary in 
number in correspondence to the number of fibres from the dorsal 
nerve roots. In the lumbo-sacral enlargement these fibres enter the 
dorsal horn as a large, strand of fibres which could be traced to the 
region at the base of the horn. In the cervical region fibres entering 
the grey matter are found only as single separate collaterals. 

No definite subdivision of these funiculi into separate fasciculi or 
tracts could be made. In general, however, the fibres of the ventral 
one-third are smaller and form a triangular field of fine fibres, aver- 
aging .2m. These are apparently association fibres. This field is not 
present in the lumbo-sacral enlargement; here the grey commissure is 
absent, and the dorsal funiculi are separated by the sinus rhomboideus 
and lie further dorsal. The size of the fibres of this enlargement is 
uniformly large, the myeline ring in Weigert preparations averaging 
1.0 to 1.5. We have already seen that the majority of the fibres of 
this region do not remain in the dorsal funiculi for a course of more 
than 3 to 4 segments, and that a small proportion of them reach the 
medulla through this tract. It would seem, then, that large fibres do 
not necessarily indicate long fibres; because in the lumbo-sacral en- 
largement the fibres are uniformly large and it is right here that we 
have shown that at least three-fourths of the fibres have a course in the 
dorsal funiculi shorter than 4 segments. 

The lateral funiculi present an inner zone of fine fibres and an 
outer zone of coarser fibres, the latter fibres averaging 1.04. The inner 
zone, or formatio reticularis, makes up a third to one-half the area. It 
is connected with the grey substance by numerous radiating strands of 
fibres, and apparently consists of association bundles. The outer field 
is connected with the central grey substance by less numerous strands 
of fibres. It is in this outer zone that Friedlander” found ascending 
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and descending cerebellar tracts by experimental secondary degenera- 
tion in doves. 

The ventral funiculi have an inner zone which is a ventral extension 
of the inner zone of the lateral funiculi. The outer zone, tractus cere- 
bello-spinalis ventralis medialis of Friedlander, is somewhat larger, and 
forms a more or less triangular field, of which the fissura ventralis forms 
one side. The fibres of this field are all large and average 1.5 », many 
of them being over 2». In the lumbo-sacral enlargement the enormous 
increase in size of the ventral and lateral funiculi seems due to an acces- 
sion of smaller fibres which are added to the inner zone, and this increase 
is more marked in the ventral than in the lateral funiculus. 

A commissura alba anterior of obliquely crossing fibres is present at 
all levels of the cord, connecting the two ventral funiculi. It is greatly 
increased in size between the 28th and 36th segments. A sagittal sec- 
tion through the commissure in this region does not show any segmental 
grouping of these fibres. In Weigert preparations strands of fibres 
can be traced through the commissure coming from the outer zone of 
the ventral funiculus and extending to the opposite ventral horn. We 
have here doubtless a motor tract from higher centers, the fibres of 
which decussate before ending about the cells of origin of the motor 
nerve roots. The large number of ventral horn-cells in the lumbo- 
sacral enlargement would thus partly explain the large size of the com- 
missure which here prevails. No trace of commissural fibres dorsal to 
the grey commissure was found in any of our sections. A posterior 
white commissure is apparently lacking. 


RESUME. 

In looking back at the more important characteristics presented by 
the spinal cord of the ostrich, a feature to be first referred to is that in 
its mass the cord forms by far the largest part of the central nervous 
system. In other words, then, we have here an animal the various 
parts of whose body receive their principal innervation from the spinal 
cord, and the influence of the brain on these parts is secondary and 
remote—an animal that works chiefly with its primary apparatus. 

This suggestion as to the important part played by the primary ner- 
vous complex is further confirmed by the fact that the grey substance 
and associating collaterals vary in amount at different levels according 
to the demands made by the parts supplied. Thus throughout the cer- 
vical cord where there is a small and uniform number of neck muscles 
to be suppled the primary apparatus presents a correspondingly small 
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and uniform size. It is increased in the region supplying the wing 
musculature. A relatively greater increase would be expected in flying 
birds, the comparison of the ostrich with one of the large birds of prey 
would be interesting. When we go farther caudalwards and come to 
the increase of the primary apparatus corresponding to the massive leg 
musculature we find a great tumor-like enlargement, or Locomotor Brain, 
which demonstrates, as perhaps nowhere else in the animal kingdom, the 
close interdependence between a section of the central nervous system and 
the area innervated. 

An interesting feature of the lumbo-sacral enlargement is the man- 
ner in which the neuromeres are marked off on the ventral surface of 
the cord by the hill-like prominences, calling to mind the segmental 
appearance presented by the well-known Trigla cord. 

The marked development of the sinus rhomboideus offers favorable 
conditions for the study of this characteristic feature of the bird cord. 
We are enabled to contribute some facts as to the nature of the peculiar 
tissue with which this sinus is filled. 

In studying the finer structure of the cord, the grouping of the cells 
into defined columns could be followed, some of which extend through- 
out the length of the cord. Two particularly interesting groups were 
found, one limited to the thoracic region in the posterior grey commis- 
sure, the other a group of “ giant” cells occurring in the lumbo-sacral 
and cervical enlargements. ‘The segmental groups of cells or nuclei oc- 
curring on the periphery of the cord, which have recently been the sub- 
ject of much attention, are found in the characteristic way, and more- 
over are here present as macroscopic structures. 

Our material was not such as to allow us to say anything of especial 
importance concerning the fibre tracts that would be new for the bird 
spinal cord. In this direction we can only look for advancement from 
experimental work such as was begun by Friedlander in this laboratory. 
Attention, however, is to be called to the short course taken by the 
fibres in the dorsal funiculi, and to the small proportion of these fibres 
that eventually reach the higher centers through this path directly. 
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THE DEVELOPMENT OF THE HYBRIDS BETWEEN FUNDU- 
LUS HETEROCLITUS AND MENIDIA NOTATA WITH 
ESPECIAL REFERENCE TO THE BEHAVIOR OF THE 
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I. INTRODUCTION. 


During the summer of 1899, while endeavoring to find two species 
of fishes that I could readily hybridize with the view of making certain 
variation studies on hybrids, I began what has since grown into a rather 
extensive series of experiments on the limits of crossing in fishes. Among 
many crosses effected, the one which proved of special interest both then 
and since, is that between Fundulus heteroclitus and Menidia notata. 
The results of the other crosses I have reserved for another paper. In 
the following pages only the results obtained on the above-named hybrid 
are considered. 

In addition to their availability, the long period over which they 
spawn and the ease with which they can be hybridized, the reason for 
making a special study of the hybrids between Fundulus heteroclitus 
and Menidia notata, is the fact that the chromosomes of the two species 
can be readily distinguished morphologically. This fact is a distinct 
advantage in following out the nuclear history with reference to the im- 
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portant question of the individuality of the maternal and paternal chro- 
mosomes during the development of the hybrids. Before. taking up this 
question, a brief description of the impregnation, cleavage and later devel- 
opment of these crosses will be given. 

Among the many to whom I am under obligations for favors, I wish 
especially to mention Professor Charles B. Davenport, not only for 
much help during the progress of the work, but also for first directing my 
attentions to the possibilities in this line of experimentation. I wish 
also to especially thank the United States Commissioner of Fish and 
Fisheries, Geo. M. Bowers, for continual privileges at their Woods Hole 
Marine Station. 


Il. MatvertaL AND METHODS. 


Fundulus heterochtus and Menidia notata are among our most com- 
mon coast fishes. Both species can be obtained in any desired number 
in the bays along our eastern coast. They spawn over a period of about 
six weeks, beginning the latter part of May. The spawning period 
must be about the same, since I have always been able to obtain ripe 
individuals of both species at the same time during the period above 
mentioned. The eggs of Fundulus heteroclitus are the larger, measuring 
13-14 to the inch. I have taken as many as 599 eggs from a single large 
female, but the number obtained is usually considerably smaller than 
this. The eggs of Menidia notata measure on the average 26 to the 
inch. It is easy to get several hundred eggs from a single female. A 
rather large, well-filled female yielded, by actual count, 1413 eggs. The 
eggs of both species flow readily if properly handled. Those of Menidia 
often flow so easily as to make it difficult to handle a ripe individual 
without losing a portion of the spawn. Menidia notata has a much 
greater abundance of milt, so that it can easily be expressed as a thickish, 
perfectly white fluid. It is less easy to express the milt from Fundulus 
heteroclitus, so that I have usually found it preferable in my experi- 
ments to cut out the testes and tease them apart over the eggs. The two 
species belong to two distinct orders, Fundulus to the Haplomi and 
Menidia to the Acanthopteri. 

The eggs were, in all cases, fertilized in small watch-glasses. All the 
eggs desired for any given experiment were first expressed into this 
watch-glass. Sometimes the eggs of a number of females were placed 
together when a large lot was desired. The milt was then added and 
after ten or fifteen minutes the contents were emptied into a finger- 
bowl of fresh sea-water. By a series of washings the excess of milt and 
the defective eggs were removed. The water was renewed two or three 
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times a day and the eggs were allowed to develop as far as they would. 
During the two-, four- and eight-cell stages the per cent of eggs impreg- 
nated and the character of the impregnation was determined. The nor- 
mally impregnated eggs were isolated and their further development 
watched from time to time, and the desired stages preserved. 

The necessity of proper precautions is, of course, evident, to prevent 
contamination by the introduction of other sperm than that desired. 
These, in all the experiments, consisted in (1) carefully sterilizing all 
the vessels and instruments that were used in the experiments; (2) 
keeping the two sexes of the same species in separate aquaria; (3) care- 
fully washing the hands and the fish at the time of the experiment; 
and (4) carrying a control lot of eggs, taken from the same lot used 
for the experiment, in a separate fingerbowl containing water from 
the same source as that used on the eggs that were hybridized. I may 
say here, that in none of the experiments did I find a single egg of 
the control lots that showed any signs of development; so that there 
is no doubt that in all of the experiments the possibility of an error 
from contamination has been eliminated. 

Not all the lots of eggs that may be obtained during the spawning sea- 
son of a species will show the same per cent of impregnation, even with 
sperm taken from the same species. In order, therefore, to obtain a 
more reliable estimate of the percentage of hybrid eggs impregnated, it 
was essential in each experiment to fertilize a sufficient number of eggs 
from the same lot to serve as an index of the normal condition. Fur- 
thermore, it was most essential in determining whether the development 
of the hybrids was going on under favorable conditions, to carry along 
with them some normal eggs under the same conditions. 

The developing eggs were kept under close observation from the time 
of impregnation to their death. Extensive notes were taken on the 
living eggs and desired stages were preserved in a variety of killing 
fluids—Perenyi’s, Picro-acetic, Zenker’s; and for surface ‘study Child’s 
method, of first placing the eggs for about a minute in a corrosive-acetic 
solution and then, after rinsing in water, in 10 per cent formalin, 
was used. This latter method in both species of eggs leaves the egg 
membrane and yolk beautifully clear while it turns the protoplasmic 
portions white, thus making an ideal preparation for surface study. 


III. NoMENCLATURE. 


For clearness and brevity’s sake in the following discussion I have 
found it desirable to adopt certain expressions which should here be 
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defined. An egg or embryo obtained by using Fundulus heteroclitus 
as the female, is designated as the Fundulus egg, embryo or hybrid, as 
the case may be. The reciprocal, with Menidia notata as the female, 
will then be a Menidia egg, embryo or hybrid. A normal egg, embryo 
or cross is one in which both parents belong to the same species, in 
distinction from a hybrid egg or embryo in which the two parents belong 
to different species. 


TV. FERTILIZATION. 


1. Fundulus heteroclitus, female, and Menidia notata, male. 


The cross in which Fundulus heteroclitus was used as the female was 
made ten times. Jn three of the experiments the males had died before 
the milt was taken. In one of these the male had been dead for an 
hour but the milt was normally white and the results of the experiments 
could not be told from those in which the males were alive and vigorous. 

The per cent of eggs impregnated was not determined for all the 
ten experiments. In all the experiments, however, it was considerably 
above 50 per cent. Below are given the per cents based on actual count 
of four experiments. The per cents in these range from 70 to 93. 
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Of the eggs impregnated, approximately 50 per cent in each experi- 
ment were normally impregnated, the remainder were, with a very few 
exceptions, disperic. 


2. Menidia notata, female, Fundulus heteroclitus, male. 


The cross in which Menidia notata was used as the female was made 
8 times. Two of these experiments were made at Cold Spring Harbor 
during the summer of 1898, and the remaining six at Woods Holl two 
years later. The results obtained at the two places were not the same. 
At the former place the per cent of eggs impregnated was very small, 
namely 14, while at the latter place the impregnation was nearly perfect, 
96 per cent. The difference may be due to the fact that at Cold Spring 
the mother fish had to be transported for half a mile in a bucket, so 
that they were dead or almost so by the time that the eggs were procured. 
The experiments at Woods Hole were, on the other hand, carried on 
under the most favorable circumstances; the mother fish being alive 
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and vigorous at the time the eggs were taken. I think, therefore, that 
the eggs of Menidia notata can be almost perfectly impregnated by Fun- 
dulus heteroclitus. 

The character of impregnation is in striking contrast to that of the 
reciprocal cross, in that practically all the eggs fertilized are normally 
impregnated. There was an occasional dispermic and some polyspermic 
egos. This is true whether the per cent of eggs impregnated is small or 
large. None of these dispermic or polyspermic eggs were isolated to 
see how far they would develop, hor preserved for the study of their 
internal character. This difference in the character of impregnation in 
reciprocal crosses I have found nowhere so strongly marked in any 
of the many other crosses I made among fishes. The dispermic condi- 
tion of 50 per cent of the eggs when Fundulus is used as the female, 
is regular and occurs in every experiment, so that this diffrence is a 
constant one. 

At the time these experiments were made for the first time, I was 
not aware that any crosses between so distantly related species of fishes 
had been recorded. Subsequently I found that Appellof, 94, had made 
an equally remarkable cross between two European species: Labrus 
rupestris, female, and Gadus morhua, male. He says nothing about the 
percentage of eggs impregnated except that “ein Anzahl” were found 
in regular cleavage the following day, nor about the character of impreg- 
nation—whether any of the eggs were dispermic or polyspermic in addi- 
tion to the normally impregnated ones. Pfliiger’s experiment, 82, in 
which he succeeded in impregnating the eggs of an anuran, Rana fusca, 
with the sperm of a urodele, Triton alpestris and ‘Qriton teniatus is in 
some respects even more remarkable. However, he succeeded in obtain- 
ing only polyspermic impregnation. Morgan, 94, succeeded in impreg- 
nating the eggs of Asterias with Arbacia. Mathews, 02, repeated the 
experiments and concludes that Morgan’s impregnations were probably 
a species of parthenogenesis consequent upon shaking the eggs and not a 
true impregnation by the sperm of a sea urchin. My experience with 
many cther crosses between fishes as distantly related as Fundulus and 
Menidia incline me to the belief that the normal impregnation of these 
two classes of Echinoderms is perfectly possible. This remarkable ex- 
periment deserves to be repeated with all possible precautions. 


V. DEVELOPMENT. 


1. Cleavage. 


a. Form of Cleavage.—The cleavage of the eggs normally impregnated 
goes on in a perfectly normal manner. The eggs all pass regularly 
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through the two, four, eight, sixteen, etc., cells which in no way differ 
from the corresponding stages of the normal eggs. The cleavage in the 
hybrid eggs might show differences (1) in the irregularities in the size 
of the cleavage cells or in the stages of different eggs in any given lot, 
and (2) in the rate of cleavage. - 

In a lot of Fundulus eggs, which have been taken from a single mother 
fish and normally impregnated, all the eggs, except in rare instances, 
will remain nearly perfectly abreast in their time of cleavage. I have 
observed, however, that in a composite lot taken from a number of 
females such perfect concert in the rate of cleavage may not obtain. 
If the eggs are impregnated by sperm from a strange species even so 
distantly related as Menidia this concert of cleavage is not affected so 
far as I am able to detect. The same can be said for the reciprocal 
cross. ‘Three hybrid eggs came under my notice which should be men- 
tioned in this connection. These had stopped in their development, 
the one at the two-cell stage and the other two in the four-cell stage. 
The blastomeres were in each case perfectly formed. The eggs were 
all found in the same lot. The three abnormal ones were isolated to 
watch their further fate. The eggs all died without dividing further. 
I have endeavored to determine whether there was a greater irregu- 
larity in the size of the blastomeres of the different cleavage stages, in 
the hybrids than in the normals. My observations go to show that this 
is not the case in the stages below the 32-cell stage. Beyond this I was 
unable to make any comparison on account of the complexity of the 
cell mass. In a lot of normal eggs of Fundulus there are always to be 
found a number of ,eggs in which there is more or less variation in the 
size of sister blastomeres. One cell in the 2-cell stage, in an extreme 
case, may be several times smaller than its mate. From this condition | 
to that of perfect equality in the size of the blastomeres there are all 
intergradations. ‘This inequality may be begun in the second or third 
cleavage where, in addition, the cleavage planes may vary considerably 
in their direction, giving rise to irregularities in the arrangement of the 
blastomeres. Such irregularities everyone has noticed who has watched 
any considerable number of cleaving fish eggs. In the hybrid eggs I 
was unable to make out any difference in the extent to which such 
irregularities occurred. This was certainly contrary to my expectations, 
since I had considered it unlikely that two different chromatins of such 
diverse origin would work so perfectly together through all the compli- 
cated activities incident to cell division. That this may be, is evident 
not only from the above consideration, but also from a closer study of 
the internal phenomena described further on and from similar observa- 
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tions on a great many other equally distant crosses which were made 
among fishes. 

b. Rhythm of Cleavage.—In general, as already pointed out by Born, 
83, the hybrid egg develops slower than the normal. I have observed 
this repeatedly in fishes. In most of the crosses that have come under 
my observation, however, the difference in the rate is very slight and 
cannot in most cases be detected in the early cleavage stages. In the 
following table is given a comparison of a lot of hybrid eggs with a 
lot of normals. The eggs were taken from the same mother at the same 
time, fertilized at the same moment and kept under exactly similar con- 
ditions. The observations were made at the same time on both batches of 
eggs and the stage at which each was found was indicated as accurately 
as possible. 


TIME OF OBSERVATION. FuND. X FUND. FunD. X MEN. 
9.10 P. M., June 26.1 In 2 cells. In 2 cells. 
9.40 ss ee Beginning 4 cells. Beginning 4 cells. 
10.00 es $f Completion 4 cells. Completion 4 cells. 
10.15 <e es Beginning 8 cells. Beginning 8 cells. 
10.20 es “y Well begun on 8 cells. Well begun on 8 cells. 
10.30 sf ss In 8 cells. In 8 cells. 
11.00 Sf bd Beginning 16 cells. Beginning 16 cells. 
OOOCAS Ms, fS 27. Well along in segmentation. Well along in segmentation. 
O00iges Mig = 5S Well begun on gastrulation. First trace of gastrulation. 
9:00 A.-M., ‘* 28. 2/8+ over the yolk. 1% or less over the yolk. 
SO0MPs Me, <* *¢ Blastopore closed. 2/3 over the yolk. 
5.30 a ere Se Blastopore closed, the embryo Blastoderm closing or nearly 
long and narrow. closed; embryo much shorter 
than normal, 
Gi00'TAL Mis S29; Embryo with optic vesicle. Blastopore closed, embryos 
short, no optic vesicle; ap- 
parently dead. 


1 Eggs fertilized at 7 P. M., June 26. 


From the table it will appear that the retardation in the development 
does not appear until the close of cleavage. If the development of the 
hybrid is slower than the normal during the first four or five cleavages it 
is so slight that it cannot be detected. From this time until the time 
of gastrulation the hybrids fall considerably behind. From the time 
of gastrulation on they fall increasingly more behind the normals. It is 
probable that the slowing-up process does not take place at the same 
rate’ but that it becomes increasingly rapid as development proceeds. 
In the reciprocal cross, if compared with the normal eggs of Menidia, 
the same conditions obtain. The normal Menidia eggs cleave a little 
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more rapidly than those of Fundulus. This increased rate is also main- 
tained for the Menidia hybrid eggs. 

This law of the rate of cleavage in hybrids I have considered else- 
where but the following facts are of interest here. When the two species 
crossed have eggs that cleave at a different rate the cleavage is still that 
of the egg species. The eggs of Fundulus heteroclitus can very easily 
be impregnated by Tautoglabrus adsperus. ‘he eggs of the former 
cleave ordinarily in about two hours after the addition of the sperm. 
Those of the latter, under similar conditions, cleave in about fifty min- 
utes. In the hybrid, however, the rapid sperm is unable to alter the rate 
of the cleavage and vice versa. This law is further strikingly illus- 
trated in the cross between Batrachus taw and Tautoglabrus. The eggs 
of the former species can be impregnated by the sperm of the latter. 
‘The cleavage furrows, however, do not appear until 8 hours after im- 
pregnation, approximately that of the egg species. 

Stassano, 83, maintained that he was able to hasten or retard the 
cleavage of Echinoderm eggs by sperm of another species. Driesch, 98,. 
however, by extended experiments in the same group of animals, has, 
shown just the reverse and it is probable that Stassano erred in his ex- 
periments. 

2. Development of Dispermic E'ggs.—The dispermic eggs fall at once 
into four cells. The cleavage takes place synchronously with the cleay- 
age of the normal eggs, so that when the normal eggs are in the two- 
cell stage, about an equal number of eggs will be found in the four-cell 
stage. This correspondence in the rhythm of cleavage is not strictly 
maintained after the first cleavage, in that the rate is slightly slower in 
the normals. The form of the cell cannot be distinguished from those 
in the four-cell stage of the normals. The four-cell stage, or the first 
cleavage is followed by the eight-cell stage, this by the sixteen-cell stage, 
etc., in a normal manner. 

seh dispermic eggs continue their aSyafomnng to a late stage of 
cleavage, when they invariably die. I have isolated, in the aggre- 
gate, many hundred dispermic eggs and followed their development but 
have never seen an egg that showed any signs of forming the germ ring 
or the embryonic shield. They form a normal heap of cells and the 
blastoderm may even spread to a slight extent, but beyond this me do 
not go. 

That such eggs which fall at once into four cells are dispermic, i. e., 
eggs whose nucleus conjugates with two male pronuclei, is clearly shown 
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in sections of such eggs. Figure 1 (Plate I) shows the three pronuclei 
before their fusion. This egg would in all probability have fallen into 
four cells at once. In the metaphase there are two spindles placed at 
right angles to each other, an aster at each of their poles and at the 
point of intersection the chromosomes are being distributed. I am un- 
able to say whether in such dispermic eggs more than two spermatozoa 
enter of which only two would then succeed in conjugating with the egg 
pronucleus. 

Having such an easy way of producing dispermy I isolated large num- 
bers of such eggs for further development to see whether I might be able 
to obtain any evidence on the question of the relation of double impreg- 
nation and double monsters or double embryos. Fol., 83, was the first 
to raise this question in connection with his studies on Echinoderm 
eggs. He obtained from a lot of polyspermic eggs a considerable num- 
ber of double and multiple gastrule. He maintained that the poly- 
spermic condition was responsible for this result. In 1887 Oscar and 
Richard Hertwig reared many thousand polyspermic Echinoderm eggs 
and obtained only about ten double gastrulw, a proportion entirely too 
small to lend any support to the hypothesis of Fol. Further observa- 
tions of Oscar Hertwig, 92, on isolated polyspermic frog eggs and of 
Driesch, 93, on isolated dispermic Echinoderm eggs speak against this 
hypothesis. In the dispermic fish eggs I hoped that the double char- 
acter might show itself, in the first place, in the double grouping of the 
cells in early cleavage and, in the second place, in the appearance of a 
double embryonic shield which could be taken as an indication of an 
attempt to produce two embryos. In regard to the first, it was found, 
as already intimated, that the early cleavage stages, so far as the form 
and grouping of the blastomeres are concerned, do not differ from the 
normal eggs. In regard to the second, none of the eggs went beyond 
the late cleavage stage. A careful search failed to reveal any sign of 
even a beginning of an embryonic shield. Inasmuch as the majority 
of the normally impregnated hybrid eggs develop far enough to form an 
embryonic shield and many of them considerably beyond, the fact that 
none of the dispermic eggs formed such shields must be taken as evi- 
dence against the theory of any relation between dispermy and double 
embryos. 

3. Later Development.—When cleavage has well progressed in the 
Fundulus hybrid the blastoderm spreads and the germ ring with a faint 
indication of an embryonic shield, forms. From this stage on a variety 
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of conditions become apparent. ‘The blastoderm may continue to spread 
in an apparently normal fashion, encompassing the yolk, and the em- 
bryonic shield enlarges correspondingly. The “ blastopore” closes and 
the rudiments. of the embryo are laid down. The three germ layers, 
the chorda and neural cord are differentiated (Fig. 2, Plate I). The 
eyes were seen in only two out of all the specimens that were obtained. 
Sections of one such embryo showed that the optic cup is forming and 
the lens, composed of a mass of cells, is constricted off from the ecto- 
derm (Fig. 3). No definite arrangement of the cells in the lens can be 
raade out. In the retina the cells were arranged into more or less dis- 
tinct transverse rows. !n both structures the cell boundaries are seldom 
to be made out; the nuclei, on the contrary, are large, distinct and pro- 
vided with one or more very large nucleoli. 

The proportion of embryos that thus normally close the “ blastopore ” 
is small. During the growth from the germ-ring stage to the closure of 
the “blastopore ” the failures in the developmental processes especially 
show themselves in the varietv of abnormalities which occur. The 
embryo may stop at the early embryonic-shield stage and, after two or 
three days of apparent life, die. Others endeavor to lay down the 
embryo so that the normal processes may go on for a time. The blasto- 
derm may more or less completely enclose the yolk with the result that 
the embryos are too short in varying degrees and the “ blastopore ” may 
remain as a long slit or an open cleft of varying form (Figs. 4, 5, 6, 7, 
Plate I). The number of embryos dying at these varying stages is not 
the same. Comparatively few die during the early embryonic-shield 
stage. The bulk of the embryos starting on gastrulation succeed in en- 
compassing the yolk to two-thirds or more of the extent giving rise to the 
variety of “ blastopore ” formations above described. 

In the reciprocal hybrid the development beyond the cleavage stage is 
markedly less successful. A large per cent of eggs will form the germ 
ring and the early stages of the embryonic shield, but of these only an 
occasional one closes the “ blastopore ” in an approximately normal man- 
ner. The earlier stages of gastrulation not uncommonly form normally. 
Beyond this the abnormalities occur. ‘These are of the same general 
character as those described in the Fundulus hybrid. Figures 8 to 10 
(Plate IIT) show some typical cases. 

In both hybrids the developmental processes come to a standstill at 
various stages during gastrulation and doubtless also during cleavage 
stages. That the latter is true is evident from the fact that there are 
always a number of eggs in cleavage that never form any germ ring. 
From the table given on page 35, it appeared that the rate of development 
of the hybrid eggs became increasingly slower than the normals as de- 


William J. Moenkhaus 39 


velopment proceeded. This slowing-up process is to be interpreted as an 
increased weakening in the developmental energy. Either the unequal 
giving out of, or the unequal draft upon, this energy in different por- 
tions of the developing embryo, may result in the various abnormalities 
above described. 

The bearing of these abnormalities upon the question of embryo forma- 
tion is not to be discussed here. Other crosses have yielded material 
much more instructive and the subject will be taken up in connection 
with a description of those crosses. 


VI. Tue INDIVIDUALITY OF THE MATERNAL AND PATERNAL 
CHROMOSOMES. 


1. Introduction As stated in the introduction of this work, one of 
the points of especial interest in the hybrids between Fundulus hetero- 
clitus and Menidia notata is the fact that the chromosomes of the one 
may be distinguished, morphologically, from those of the other. I was 
introduced into the importance of this through the study of a section 
of a hybrid egg which was in the anaphase of the first cleavage. In this 
spindle two kinds of chromosomes appeared, easily distinguishable. Sub- 
sequent comparison with the chromosomes of the parent species showed 
that one of the kinds of chromosomes belonged to one and the other to 
the other parent, and that the introduction into a strange egg did not 
modify their characteristic form. With these conditions obtaining it has 
been possible for me to follow the history of the maternal and paternal 
chromosomes in these hybrids to a late stage of cleavage. The phase 
of this subject which has engaged me especially is that of the individu- 
ality of the two parental chromosomes during development. 

2. Material and Methods.—Appropriate stages were preserved from 
the moment of impregnation to a late cleavage stage. Corresponding 
stages of both hybrids and of normal eggs were taken. The killing fluids 
used were Flemming’s, Zenker’s, Perenyi’s, and picro-acetic. The last 
two have been of most service to me. The eggs were directly placed into 
the fluids without first removing the membranes. The most convenient 
method for manipulating the eggs in the paraffin and one which I adopted 
altogether ts as follows: the membrane was removed and the yolk with 
the protoplasmic cap or embryo surmounting it was imbedded with the 
cap directly upward. By properly mounting the paraffin block I could 
lay the protoplasmic cap into horizontal sections until the yolk was 
reached. This very much simplified an, at best, very laborious task. 
The sections were in practically all cases made 714 or 10 micra thick. It 
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was found that such sections might include the entire thickness of the 
spindles in the earlier stages of cleavage. This was a matter of con- 
siderable importance since it was desirable to get all of the chromosomes 
of a given spindle in the same section. All the staining was done with 
Haidenhain’s hematoxylin. This stain was found perfectly satisfactory, 
and because of its simplicity and the ease with which it can be controlled 
was used exclusively. 

3. Description of the Chromosomes.—The chromosomes of Fundulus 
heteroclitus are long, slender and usually straight. They measure 2.18 
micra in length. In a given anaphase all the chromosomes are of prac- 
tically the same length. Just before breaking up into the chromosomal 
vesicles the constituent chromomeres can commonly be made out. ‘These 
number four in nearly all cases that I have counted. In one instance 
one of the chromosomes had five. The number of chromosomes is 36.” 
In their migrations to the poles they lie alongside of each other parallel, 
for the most part, with the spindle fibres so that at the anaphase their 
form can be easily made out (Fig. 11, Plate II). 

The chromosomes of Menidia notata are short and usually more or less 
curved. They are sometimes straight and in some cases slightly sig- 
moid. They measure 1.00 micron in length. As in Fundulus, they have 
a uniform size in any given anaphase (Fig. 12; Plate Il). I have tried 
to make out the component chromomeres, but without success. The num- 
_ ber of chromosomes is about 36. I have not been able to count them 

definitely. 

In Figure 13 (Plate II), are given the two kinds of chromosomes 
drawn to the same scale. Both the relative size and the difference in 
form are shown. The difference in the two chromosomes comes out very 
strikingly also when seen side by side in the same cell [Figs. 14, 15 
(Plate II) and 29, 30 (Plate IV)]. The small chromosomes are here 
grouped together on one side of each half of the spindle and the long 
ones on the other side of the spindle. 

There can be no doubt that these two diverse forms of chromosomes 
occurring in the hybrid eggs are the chromosomes of the two diverse par- 
ents which, notwithstanding their association with strange chromosomes 
in a strange cytoplasm, are evidently functioning in a perfectly normal 
manner. A description of their behavior from the time of conjugation 
to a late cleavage stage is the purpose of the present section. Before en- 


2In only one instance was I able to count the number satisfactorily. Every 
chromosome was definitely distinguished and counted in this case. I had, however, 
concluded that 36 was the approximate number from numerous counts made on cross- 
sections of anaphase spindles. 
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tering upon this, however, for reasons to be stated afterwards, it will be 
important to give a brief general account of the character of the work 
thus far done on this subject. 

4. General Review of Literature.—Since the first discoveries by van 
Beneden, 83, Boveri, 90, Guignard, g1, and others, of the numerical 
equality of the maternal and paternal chromosomes in fertilization, much 
interest has developed in the question whether these might not retain 
their individuality throughout all the cells of the developing embryo. 
Van Beneden, who worked with Ascaris, in which the pronuclei may not 
fuse before the formation of the first cleavage spindle, was able to follow 
the maternal and paternal chromosomes into the resting nucleus of the 
first two daughter cells. Here they were lost. Although unable to fol- 
low them beyond the first cleavage, he expresses his conviction that the 
two chromatin masses probably remain distinct throughout subsequent 
divisions. Boveri, 91, working with the same animal, made similar ob- 
servations and was led to formulate his well-known hypothesis “ that in 
all cells derived in the regular course of division from the fertilized egg, 
one-half of the chromosomes are of strictly paternal and the other halt 
of maternal origin.” He further endeavored to follow out the fate of 
the individual chromosome during the resting period of the nucleus. 
Boveri differed from van Beneden in this important respect, that he found 
that not only the maternal and paternal chromatin remained distinct but 
also that the individual chromosomes retained their individuality. With 
this interesting and important question thus clearly pointed out so long 
ago, one should consider it remarkable that so few researches have since 
been directed toward its solution, were it not for the evident difficulties 
attending any effort to distinguish the exactly similar parental chromo- 
somes beyond the first cleavage. Extension of our knowledge to a large 
number of forms showed that three conditions obtained in regard to the 
fusion of the pronuclei during fertilization: (1) Animals in which the 
two pronuclei are so completely fused as no longer to be distinguishable. 
(2) Animals in which the pronuclei do not fuse but remain more or less 
separated by a membrane. (3) Animals in which both conditions may 
occur. 

In 1892 Hicker pointed out that in Cyclops tenuicornis also, the two 
pronuclei do not fuse in fertilization and, furthermore, that in the two- 
cell stage the nuclei are composed of two closely united but distinct 
halves, one of which he identifies with the male, the other with the female 
pronucleus. © 

Riickert, 95, extended these observations to Cyclops strenuous and pub- 
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lished the first research directed specifically toward the solution of this 
question. Riickert found, in the first place, that the condition of double- 
nuclei could be followed considerably beyond the late cleavage stages and, 
in the second place, that the chromosomes might be arranged in two 
groups upon the spindle, more or less distinctly separated. From the 
bilobed nuclei of the one, two, four, etc. cells a double group of chromo- 
somes might arise and these two groups could be followed each into one 
of the two halves of the subsequent resting nucleus. Such bilaterai 
grouping of the chromatin in the spindle occurred only in the earlier 
cleavage but the double nuclei could be found, although in constantly de- 
creasing number, in later stages. The strong probability that in the 
early stages the two halves of the double nuclei represent the double 
source of the chromatin, makes the assumption that in the later stages 
such double nuclei have a similar significance, justifiable. It is worth 
while to state in this connection Riickert’s cautious conclusions in his 
own words, “ Jedenfalls geht aus der vorstehenden Untersuchung her- 
vor, dass in der ersten Entwickelungszeit mindestens bei einem Theile 
der Kerne eine Vermengung der viterlichen und miitterlichen Halfte 
nicht statt hat, das ein solcher Vorgang fiir den normalen Verlauf der 
Entwickelung somit nicht erforderlich ist. Das Chromatin kann seine 
urspriingliche Vertheilung beibehalten trotz wiederholter mitotischer 
Theilungen und Auflésungen in ein feinfadiges Geriist, und obwohl die 
tibrigen Lebensvorgiinge innerhalb seiner Substanz, die Assimilation und 
das Wachsthum, gerade zu dieser Zeit der rasch aufeinanderfolgenden 
Theilungen lebhaftere sind als sonst.” 

V. Hacker, 95, 02, working also on Cyclops, carries the observations 
of Riickert considerably further. In addition to the double nuclei and 
the bilateral distribution of the chromatin on the spindle, he observed a 
physiological difference in the maternal and paternal chromatin masses. 
This physiological difference showed itself in the different stages in which 
the two masses of chromatin may be within the same cell. It enabled 
him often to distinguish two groups when otherwise there was no spatial 
separation or no nuclear membrane to separate them. In Cyclops brevi- 
cornis, however, he could not recognize the double distribution of the 
chromatin beyond the eight-cell stage except in the primordial germ cells 
from the beginning of gastrulation. 

Recently, Conklin, 01, has shown that in Crepidula, even more clearly 
than in Cyclops, the double character of the nuclei during certain phases 
quite commonly obtains during earlier cleavage (first 5 or 6 generations), 
and gives this the same interpretation that others had given it. 

Conklin called attention to the fact that in these double nuclei each 


William J. Moenkhaus . 43 


half usually contained one nucleolus, so that these might also be re- 
garded as maternal and paternal. Hacker, 02, in a recent preliminary, 
summarizes the results of his comparative study of species of Cyclops. 
He endeavors to show that the maternal and paternal chromatin masses 
are each represented by a nucleolus in certain phases of the cell cycle. 
Taking these as an index he is able to establish the individuality of the 
parental chromatin masses throughout the cycle of an individual. 

Among plants Miss Ferguson, o1, has shown that in Pinus strobus 
the male and female chromatin remains distinct during the first two 
cleavages, as far as she has followed them, and suspects from sections 
of later stages that this individuality may persist. 

The two important papers by Herla, 93, and Zoja, 95, on Ascaris 
hybrids treat the subject from a standpoint so similar to that of my own 
work that it will be advantageous to consider them later. 

The above brief survey of the work thus far done on this subject 
enables me to point out the following facts: (1) The evidence upon 
which the authors base their conclusions rests on the assumption that 
the two halves of the double nuclei occurring beyond the two-cell stage 
represent, the one, the maternal, and the other, the paternal chromatin. 
(2) The chromatin of the two parents not only retains its individuality 
but also remains spatially separated or bilaterally distributed in the 
nucleus during the various phases of division. In the following detailed 
consideration of my own results I shall have occasion repeatedly to refer 
to these facts. . 

5. Conjugation of Pronuclei and the First Cleavage.—The time elaps- 
ing between the moment of entrance and the time of conjugation of 
the pronuclei is the same as that for the normal eggs. Thus, in the 
Fundulus cross, at a temperature at which the first cleavage furrow 
forms just two hours after impregnation, the male pronucleus has be- 
come apposed to the female pronucleus at 55 minutes after fertilization. 
At 65 minutes, they have usually become well fused. During its migra- 
tion the sperm has become metamorphosed into a vesicle which cannot 
be told from the female pronucleus. I have taken much pains to find 
some distinguishing mark between the maternal and paternal chromatin 
at this stage, hoping such might serve in distinguishing them in subse- 
quent resting stages. The size, form and arrangement of the chromatin 
granules in the two pronuclei, however, are, so far as I have been able 
to make out, altogether similar. 

- In a late metaphase of a Fundulus hybrid egg, 73 minutes after fertil- 
ization, two chromatin masses can readily be made out (Fig. 16, Plate 
II). The one is evidently made up of the long chromosomes which, in 
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the process of splitting, already extend their free ends for some distance 
on each side of the equatorial plane. The other group is made up of the 
short chromosomes which, also in division, appear as large granules 
rather than elongated structures. 

In the anaphase [Figs. 14, 15 (Plate IT), 29, 30 (Plate IV) ], two 

. groups of chromosomes occupy each half of the spindle. Their form here 
comes most distinctly to view. Careful examination of each group shows 
that it comprises chromosomes of only one type, so that the chromatin 
material has not become mingled during the fusion of the pronuclei. 
The two groups do not occupy the same position with reference to the 
pole or the equatorial plane, i. e., they are not equidistant. In other 
words, the two kinds of chromosomes are not in the same stage of migra- 
tion. ‘This physiological difference is not so well marked in the Fun- 
dulus hybrid where the small ones become the stragglers [ Figs. 14 (Plate 
II) and 29 (Plate IV) ], but is very distinct in the Menidia hybrid | Figs. 
15 (Plate IT) and 30 (Plate IV) ]. 

As the chromosomes become transformed into the resting nucleus each 
is converted into a vesicle in a manner essentially similar to that de- 
scribed for Crepidula by Conklin. In an early stage the two groups 
of vesicles can be distinguished by the difference in the size of the vesi- 
cles. These fuse at first into larger ones, giving rise to a lobed nucleus. 
At this stage it is no longer possible to tell the two kinds of vesicles apart. 
The fusion continues until a single well-rounded resting nucleus results, 
with all traces of its double character lost. 

6. Second Cieavage.—Although all traces of the maternal and paternal 
chromatins are lost in the resting nucleus of the two-cell stage there is 
very little doubt that they have really remained spatially distinct. That 
this is so, is shown by the fact that when the chromatin forms into the 
chromosomes of the next cleavage the two kinds again appear, and in all 
the spindles examined they were again bilaterally distributed on the 
spindle. 

The kinds of chromosomes can, naturally, be best distinguished during 
the anaphase, but even in the metaphase this may be done. In such a 
metaphase of a Menidia hybrid, for instance, Fig. 17, where the long 
chromosomes are the introduced ones, there may be seen on the one side 
of the spindle the long ones with the ends of a part of the chromo- 
somes already extending toward the poles, while on the other side the 
short ones may be seen confined with characteristic strictness to the equa- 
torial plane. Figures 18 (Plate II) and 31 (Plate IV) represent one of 
the groups of the migrating chromosomes of an anaphase of a second 
cleavage. Here the chromosomes come most distinctly to view. The 
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long ones all grouped together on one side of the spindle (left in figure) 
and the short ones onthe other side. Whether all of each kind that 
entered the resting nucleus have again appeared I cannot say, inasmuch 
as it has been impossible thus far to recover all the chromosomes of each 
parent. This is due to the complexity of the chromosome mass. The 
chromosomes are so small and numerous that their number cannot be 
determined even in the clearest preparation. In any given section some 
of the long chromosomes are usually cut, making the pieces indistin- 
euishable from the short ones, so that it is practically impossible to 
follow out all of the chromosomes of each kind. That we have here to 
do again, however, with the maternal and paternal chromosomes, there 
cannot be the shadow of a doubt. 

Riickert, 95, in his Fig. 6, gives the lateral view of the anaphase of 
the second cleavage spindles of Cyclops strenuous, both of which, but 
especially the spindle to the right in the figure, show two groups of 
chromosomes spatially separated in each half of the spindles. Rickert 
takes these to be the maternal and paternal groups of chromosomes, and 
he gives, it would seem, very good reasons for thinking so. That the 
two chromatin masses of the first cleavage represent the two parental 
chromatins is beyond question. He is able to follow them from the time 
of the conjugation of the two pronuclei through the various phases of 
the division to the reconstruction of the resting nucleus. In this recon- 
struction the first appearance of the nucleus is that of a double group 
of small vesicles. The vesicles of each group, it appears, fuse with each 
other, the halves remaining distinct at first by the presence of a more or 
less distinct wall and a corresponding constriction in the outer mem- 
brane but later only by the latter. The two halves of the resting 
nucleus, therefore, are to be identified as the maternal and paternal 
portions. The emergence of two chromatin masses from this double 
nucleus in the following division distributed on the spindle in the man- 
ner above described, would strongly favor the view that the two sub- 
stances had not mingled during the resting stage. Conversely, the 
strong probability that the two chromatin masses remain distinct in the 
previous resting nucleus argues strongly in favor of Riickert’s supposi- 
tion that the two groups of chromosomes appearing in the subsequent 
division represent the maternal and paternal chromosomes. Conklin has 
given very strong evidence for the same thing in Crepidula. It is appar- 
ent to every one who has closely followed through the researches described 
above that the one thing to be desired is better evidence that the 
two groups of chromosomes emerging from the two bilobed resting nuclei 
of the first two blastomeres are derived from the two lobes of the nuclei 
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and really represent the maternal] and paternal chromatin. Conklin 
expresses the situation in the following words: “It still remains to 
show that these double nuclei really represent the egg and sperm nuclei 
which have not yet lost their individuality. This cannot be demon- 
strated in Crepidula, for the reason that this double character is not 
apparent at every stage in the nuclear cycle, but it is extremely probable, 
as the following observations will show: ” The detailed reasons given 
need not be repeated here. 

There are but two ways to demonstrate this with certainty, namely, 
either to follow the process in the living egg, or to be able to distinguish 
the two kinds of chromosomes, as I have been able to do in the hybrid 
under consideration. 

Herla, 93, and Zoja, 95, made some observations which bear directly 
upon this point. In the study of an Ascaris containing eggs in various 
stages of early cleavage they found that the number of chromosomes in 
the cells was only three, one of which was slightly smaller and like the 
chromosomes of the variety univalens. The eggs, they conclude, were 
hybridized by the sperm of univalens. They were able to trace the 
independent maternal and paternal chromosomes to the 12-cell stage. 
With only three chromosomes it is not possible to. determine with certainty 
very much about their distribution in the spindle. Zoja, in fact, says 
that the small chromosome may vary its position with reference to the 
other two, sometimes being between the two latter. These observations, 
therefore, can throw little light on the particular question of the distri- 
bution of the two chromatins in the nucleus. 

In my own hybrids, however, where the number of chromosomes is 
great, any disturbance of their grouping can be readily made out. The 
conditions described for these hybrids, taken in connection with the obser- 
vations of Herla and Zoja, demonstrate in the clearest manner that the 
two chromatins may remain distinct in these resting nuclei and that the 
chromosomes in the subsequent division may be and are grouped spa- 
tially. They, furthermore, lend the strongest support to the belief that 
in the other forms described (Cyclops, Crepidula, Pinus) the two groups 
of chromatin or chromosomes arising from the bilobed resting nuclei 
of the two first blastomeres may really represent the distinct parental 
chromosomes. 

%. The Rotation of the Cleavage Nuclet During the First two Cleav- 
ages.—lIn the first cleavage spindle the chromosomes lie side by side in a 
horizontal plane. In this same plane they can be followed into the early 
resting stage of the two daughter nuclei. Evidently, inasmuch as the 
second cleavage plane forms at right angles to the first, the nucleus will 
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have to rotate through an are of 90° in order that both kinds of chromo- 
somes may again be halved. This rotation takes place between the 
vesicular stage of the nucleus and the metaphase of the following divi- 
sion, Just when during this period it takes place or mostly takes place 
I cannot say. At the metaphase tne rotation is probably completed. 
When the rotation is completed both chromosome groups again occupy a 
horizontal plane. 

In all but one of the cells of the Menidia hybrid examined the small 
chromosomes bore a definite relation to the cleavage plane, that of a 
position in the spindle away from the plane of division. In the single 
exception it was found that the small chromosomes were above the large 
ones and, hence, occupied a vertical plane. 

The behavior of the chromosomes in the third and subsequent cleav- 
ages is different from that of the first two. It willy therefore, be advis- 
able to describe these stages in detail before entering into a comparison 
with the conditions found in other forms. 

8. Third Cleavage.—The two groups of chromosomes of the second 
cleavage spindles pass into a resting condition of the four-cell stage, in 
which it is again impossible to distinguish the two kinds of chromatin. 
There is no constriction or partition to divide the nucleus into two lobes 
or parts, as is common in Cyclops and Crepidula. Since, so far, the 
chromatin in these hybrids had behaved essentially like that in the 
other forms described by other authors, I expected that in the metaphase 
and anaphase of the third division the short and long chromosomes should 
again appear in two groups on the spindle. If the conditions here 
should run parallel with the conditions in Cyclops and Crepidula, this 
is what should be expected. But in this I was disappointed. Whereas 
in the second cleavage every cell which I examined shows the two kinds 
of chromosomes bilaterally distributed, the third cleavage spindles, for 
the most part, do not show such distribution. An occasional spindle 
occurs in which the grouping has not been completely destroyed. Figure 
19 (Plate IIT), it will be seen, shows the short chromosomes to the right 
and the long ones largely to the left. It is to be noted, however, that each 
kind is not restricted to its group but a few of each kind have become 
mingled with those of the other. The mingled condition is the prevail- 
ing type where it is impossible to make out any grouping. 

The position of the parental chromosomes with reference to the cleay- 
age plane which could be so readily followed out during the second cleay- 
age is during the third cleavage, naturally, largely destroyed since the 
bilateral distribution of the chromatin has been destroyed. In three 
spindles in which the position could be made out with reasonable cer- 
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tainty the small chromosomes were placed in a horizontal plane toward 
the side away from the last cleavage plane. 

9. Fourth Cleavage-—When in the fourth cleavage the chromatin has 
resolved itself into chromosomes the two kinds are again mingled. The 
mingling has evidently gone farther, because in very few of the cells 
can even a partial grouping be discovered. J have found only one cell 
in which the two kinds of chromosomes were bilaterally distributed upon 
the spindle. In the sectioning of this cell the knife cut in such a way as 
to pass between the two groups so that in the one section nearly all short 
ones were found, and in the other section nearly all long ones. In my 
study of these sections I had well in mind the possibility that the short 
ones might be the ends cut from the long ones of the other section. That 
this is not the case, however, is evident from the fact that the long 
chromosomes of the,one section have the characteristic length of the one 
species, and those of the other section that of the other species. ‘There 
cannot be any doubt that we have to do here with two kinds of chromo- 
somes, and that we can be perfectly certain these represent the distinct 
maternal and paternal groups. The usual condition is for the chromo- 
somes to be well mingled on the spindle. Jn such an anaphase, Fig. 20 
(Plate III), the two kinds of chromosomes can be clearly made out. In 
endeavoring to recover all of the chromosomes of each kind, I have found 
it convenient to draw each chromosome as I followed it, retaining its re- 
lation to some other one or more chromosomes but not its position in the 
spindle. Figure 21 (Plate III) represents such a drawing of an ana- 
phase of the fourth cleavage. Although, as stated above, I have been 
unable to recover all the chromosomes, the drawing which I made as faith- 
fully as I could with only the partial aid of a camera, serves well to show 
the presence of two kinds of chromosomes and their mingled condition. 

10. Later Cleavage——I have followed the behavior of the maternal 
and paternal chromosomes from the fourth cleavage through successive 
stages to late cleavage. Here, with often several hundred cells in any 
given section, in all stages of division and cut in many different planes, 
the conditions for such study are favorable. I have carefully examined 
many thousand cells in both hybrids with the view of finding one in 
which the two kinds of chromosomes had remained grouped but I have 
not been able to find a single undoubted instance. On the other hand; 
nuclei showing the two kinds of chromosomes mingled together upon 
the spindle are everywhere to be found. The two kinds of chromosomes, 
naturally, cannot be. distinguished in the metaphase, not even when the 
chromosomes have begun to split. In the stage represented in Figure 32 
(Plate [V) (lower cell to left), some of the long chromosomes may be seen 
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characteristically extending their ends toward the poles. The short chro- 
mosomes still confined to the equatorial plane cannot be identified as such. 
In nearly every anaphase, however, the short chromosomes can be clearly 
distinguished among the long ones [Figs. 22 (Plate III) and 32 (Plate 
IV)]. 

The two kinds of chromosomes can be distinguished not only by their 
size but also physiologically. In Figures 22 and 82, it can be seen that 
the short chromosomes, as a whole, are nearer to the pole than the long 
ones. This shows most clearly in the further half of the spindle where 
the short chromosomes remain more abreast and are, as a whole, nearer 
the pole, forming a band across the spindle. Here, as in the earlier 
stages of the Menidia hybrid, the long chromosomes are the stragglers, 
being more irregular than and, as a whole, behind the short ones in their 
migration to the poles. 

While this difference in the rate of migration comes out most strik- 
ingly in the spindles where the chromosomes have not yet become min- 
gled | Figs. 29, 30, 31 (Plate IV) |, it is just as truly present in the later 
cleavage cells where this mingling has taken place. The small chromo- 
somes, in the more extreme instances, may in the telophase become com- 
pletely separated from the long ones, as shown in Fig. 23 (Plate III). 
This figure represents the early telophase of the third cleavage. The group 
of small vesicles nearer the pole are doubtless the small chromosomes al- 
ready well along in their transformation while the larger group would then 
represent the larger chromosomes not yet so far along in their transforma- 
tion but that some of the longer chromosomes can be identified. It will 
occur to every one that notwithstanding the fact that the chromosomes 
may be thoroughly mingled during the active phases of the cell cycle, 
the two kinds may in this way become separated in the resting nucleus. 
The reasons for believing that this does not usually occur will appear 
below in connection with another matter. 

I have considered it important to carefully compare the conditions in 
the hybrids with corresponding stages in the normal eggs of the two 
parent species. Although practically all of the points above brought 
out would be sufficiently evident taken by themselves they become doubly 
so through such comparison. The question to arise is whether the dif- 
ferences in the size of the chromosomes might not also be found in the 
normals. This is clearly not the case. In any given cell during a phase 
when the chromosomes come distinctly to view all the chromosomes are 
of practically the same size. Any variations in their size cannot be 
confounded with the differences obtaining in the hybrid eggs. Further- 


more, the chromosomes, apart from their size, show a certain individual- 
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ity in their behavior during various phases of division. In the equa- 
torial-plate stage the chromosomes of Menidia notata arrange them- 
selves in an even band across the spindle. In a corresponding stage in 
Fundulus, the plate presents a more ragged appearance, the ends of some 
of the chromosomes extending out towards the pole. This difference is 
especially well marked just at the time of splitting. In Figures 24 (Plate 
III) and 33 (Plate IV) is shown a cell in later anaphase of Menidia 
notata taken from about the middle cleavage stage of the embryo. The 
chromosomes are in a compact group without any stragglers along the 
spindle as is so common in the hybrid cells. Figure 25 (Plate III) is 
taken from an early cleavage stage of Fundulus heteroclitus. All the 
chromosomes are of the characteristic long form. In the later anaphase, 
[Figure 26 (Plate III)], corresponding approximately to the stages 
above given for Menidia notata (Figs. 24, 33), these chromosomes retain 
their characteristic length and extend along the spindle for some distance. 
If with these conditions in the normals corresponding stages in the 
hybrid are compared (Figs. 22 and 32), it will be seen that in the latter 
the conditions characteristic of both species are present. Here, as already 
stated, the short chromosomes appear as a band nearer the pole, extending 
across the spindle, and the longer ones, belonging to Fundulus, extend 
further along the spindle toward the equator. This somewhat tardy 
migration of the longer chromosomes may be caused by their not being in 
their native cytoplasm, for in the reciprocal cross where the conditions 
are reversed this difference in the rate of migration does not obtain. 

11. Comparison with Other Forms.—When I first discovered that 
Menidia and Fundulus possessed two kinds of chromosomes and that 
these could be distinguished in the first cleavage spindle, I went at once 
to later cleavage stages for the further study of their behavior. In such 
stages I could easily get great numbers of cells in all stages of division 
in a single section. Those who had worked upon other forms had found 
that even in late cleavage stages the double nuclei, representing the 
maternal and paternal chromosomes, were more or less abundantly pres- 
ent. In sections of such stages I found no difficulty in finding evidences 
of the kind that had been employed by others in their studies upon other 
forms, namely, the grouping of chromosomes into two groups, during 
various stages of the division of the cell, and bilobed and double resting 
nuclei and the rather constant presence of double nucleoli in each 
nucleus (Fig. 27, Plate III). Knowing that the cells contained chromo- 
somes of such different form as I had seen in the first cleavage, I was much 
disappointed at my inability to identify the two kinds here. In those cells 
where the chromosomes were grouped I had every reason to expect the 
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one group to show one kind, and the other group, the other, but just this 
I was unable to do satisfactorily. One of two things must be true, (1) 
either the distinction between the two kinds of chromosomes had dis- 
appeared or (2) they had become mingled in the course of development. 
The fact that I could make out two kinds of chromosomes which, how- 
ever, were mingled upon the spindle, spoke directly for the latter view, 
but I still hoped that a study of successive stages from the first cleavage 
on might enable me to find conditions here similar to that found in other 
forms. As already indicated, they found in Cyclops and Crepidula that 
the maternal and paternal chromatin remained not only distinct but also 
spatially separated up to varying late stages of development. Except 
during the first and second and, in part, the third cleavage, this condi- 
tion does not obtain in the hybrids under consideration. The chromo- 
somes become mingled. This mingling probably has begun to a slight 
extent in the second cleavage and is clearly well along in the third. By 
the time cleavage is well along all the somatic cells have them mingled. 

The evidence that has been given to show that the two kinds of 
chromatin remain spatially distinct in the forms referred to above is 
very strong. I have shown beyond any doubt that this may be the case 
for a very brief period in development. It is possible that the length of 
this period may differ in different forms even to the extent that they 
remain thus distinct throughout the entire embryonic period. It is 
interesting in relation to this subject to compare the results of Riickert 
on Cyclops strenuous and that of Hiicker on Cyclops brevicornis. The 
former found double nuclei, although in constantly decreasing number, 
up to a late stage of development. The latter no longer found these 
double nuclei in the 16- and 32-cell stage nor in the stage just preced- 
ing the migration of the sex cells to the interior. He was, however, able 
to distinguish the two masses by physiological differences in the sex 
cells. This shows what a difference may obtain in two species of the 
same genus. 

In the Menidia and Fundulus hybrids the bilateral arrangement of 
the chromosomes is destroyed at about the same stage as in Cyclops brevi- 
cornis, namely, at the third and fourth cleavage. According to Zoja 
95, the two kinds of chromosomes in the Ascaris hybrid may be mingled 
before the 12-cell stage. These observations suggest that possibly the 
reason Hicker could not find the double nuclei beyond the 16-cell stage 
lay in the fact that in Cyclops tenuicornis the chromosomes also became 
mingled early in cleavage. Riickert did not find any distinct grouping 
of the chromosomes during the active phases of cell division beyond the 
four- and eight-cell stage. In the light of Hiicker’s observations on a 
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form so nearly related to Riickert’s and that of Zoja’s and mine, it may 
well be questioned whether the double and bilobed nuclei of Rickert 
really are any indication of the distinctness of the maternal and paternal 
chromatin. These conditions should at least make us cautious against 
accepting too readily the conclusions based on the mere presence of 
double and bilobed nuclei, double nucleoli and the like without any 
further means of identifying them with the maternal and paternal 
chromatin. Further work on a large number of forms is desirable to 
see whether it is the rule for the parental chromosomes to become mingled 
in these early cleavage stages. 

12. Maternal and Paternal Nucleolt.—The recent studies of Hacker, 
02, on parental nucleoli in different Copepod crustacean forms, has 
already been mentioned. ‘The rather constant presence of two nucleoli 
in the nucleus he takes as an index of the separateness of the maternal 
and paternal chromatin. According to this idea, one of the nucleoli 
would represent the chromatin of the one parent and the other that of 
the other. At the time that his preliminary paper appeared I had been 
working on the nucleoli in fish hybrids. Most of the nuclei in the rest- 
ing stage, when not too young, show two nucleoli. In the reconstruction 
of the nucleus the smaller chromosomal vesicles at first fuse into larger 
ones. In this stage one can often see a number of nucleoli in each 
nucleus. This multinucleolate condition is followed by a binucleolate 
condition as the fusion of these larger vesicles is finally completed. Each 
vesicle seems to form a nucleolus so that the number of nucleoli present 
in a nucleus is in a general way an index of the number of vesicles com- 
posing the nucleus. Observations of this kind, it seems to me, strengthen 
Hicker’s position. Two nucleoli would indicate that the nucleus is 
essentially composed of two vesicles or units of some kind, although 
these could not be distinguished in any other way. I have endeavored 
to make out some constant difference in the size or structure of these 
nucleoli in the hybrids but without success. In cells of the same section 
all conditions obtain in the size, from a strongly unequal to perfectly 
equal nucleoli within the same nucleus. This interpretation of the 
nucleoli by Hacker has much in its favor. In such forms as he studied, 
in which he maintains that the two parental chromosomes remain bilat- 
erally distributed, it is easier to conceive how the nucleoli might repre- 
sent the two paternal chromatins. In the fish hybrids under consid- 
eration, however, where the binucleolate condition is probably just as 
constant for the cells as in Cyclops, but where I have shown that the 
two chromatins do not remain bilaterally distributed but both kinds are 
scattered through the nucleus, it is difficult to believe that the scattered 
chromosomes of a given parent are represented by a common nucleolus. 
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13. The Persistence of the Indiwidual Chromosome.—The question 
whether the individual chromosome persists through the resting stage 
so that upon the resolution of the reticulum into the chromosome the 
same component chromatin granules again go together to make the same 
chromosome from which they were derived is a question first raised by 
Rabl, 85, and later definitely stated by Boveri, 88. Since that time so 
much evidence has accumulated going indirectly to support this conclu- 
sion that it has come to be rather generally accepted. Even a general 
review of this evidence is unnecessary here. Such a review would show 
that the fact has never been definitively demonstrated. Some of the 
most direct evidences yet given are the observations’ of Herla, 93, and 
Zoja, 95, on the Ascaris hybrids in which it was shown that the small 
chromosome of the variety univalens which entered the resting nucleus 
with the larger ones of the variety bivalens again emerged in its char- 
acteristic form. Equally stroug evidence is now afforded by my own 
observations on hybrid fishes. Here, as in the Ascaris hybrids, two 
kinds of chromosomes enter the resting nucleus from which each kind 
again emerges. As long as the two kinds remain grouped, as during 
the first two divisions, this fact has little added significance, since within 
each group it would be perfectly possible for the component chromosomes 
to exchange chromatin granules during the resting period. If, how- 
ever, as occurs in later cleavage, the two kinds of chromosomes become 
mingled the chromatin granules of both kinds must he mingled together 
within the resting nucleus. If from such a nucleus the two kinds of 
chromosomes again emerge it amounts almost to a demonstration that 
the chromatin substance of a given chromosome forms a unit and that 
this unit persists. 

It should be mentioned here that the hypothesis of Boveri of the inde- 
pendence of the parental chromosomes has not received universal sup- 
port. Prominent among those who have held in varying form the oppo- 
site view, namely, that the two parental chromatins become fused and 
mixed either at the time of fertilization or during development, is 
Hertwig. Hertwig, 87, maintained that fertilization demanded the 
thorough mixing of the sperm chromatin with the egg chromatin. 
Later, go, he revised his view in that he no longer considered it essen- 
tial that this fusion takes place at the time of fertilization but that it 
nevertheless took place later, during the earlier stages of development. 
Wilson and Mathews, 95, from their studies on the fertilization of 
Echinoderm species, concluded that because the fusion of the two pro- 
nuclei is here so thorough it would be impossible to maintain 
that the two chromatin masses remained distinct. 
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These objections have largely been disposed of by the researches of 
Riickert, Hicker, Herla, Conklin and others. These leave little doubt 
that the maternal and paternal chromosomes may remain distinct to a 
late stage in development, and I have shown that however thoroughly 
the chromosomes may lose their identity to our view during the resting 
period of the cell they nevertheless retain their individuality. 

In view of its possible bearing on the theories of heredity just now 
becoming prominent through the recent rediscovery of the Mendelian 
laws of inheritance, it is highly desirable that this question of the 
individuality of the parental chromosomes be most thoroughly investi- 
gated. Further observations along this line on other hybrid fishes I 
have well under way, which I hope to be able to present in the near 
future. 


SUMMARY. 


The eggs of Fundulus heteroclitus can be readily impregnated with 
the sperm of Menidia notata. From 70 to 93 per cent of the eggs are 
fertilized. Of this number about 50 per cent are dispermic, the re- 
mainder, normal. 

The eggs of Menidia notata can be even more completely impreg- 
nated by the sperm of Fundulus heteroclitus. Under favorable circum- 
stances 96 per cent of the eggs are fertilized. Of these only a few are 
dispermic or polyspermic. 

The normally impregnated eggs of both crosses develop normally to 
varying stages of embryo formation. They never go beyond the closure 
of the “ blastopore.” 

The embryos differentiate the three germ layers, the chorda and neural 
cord. In rare instances the eyes may begin to develop—the optic cup 
and the lens being formed. 

The per cent of eggs that develop to the closure of the “ blastopore”’ is 
comparatively small. The per cent is much greater in the Fundulus 
hybrids than in the reciprocals. 

The more usual thing is for the embryos to show abnormalities. These 
appear during the process of gastrulation and are probably all the ex- 
pression of a weakening of the developmental energy. 

The abnormalities take the form of variously shortened embryos with 
the “ blastopore ” completely closed or imperfectly so, in which case the 
latter may take the form of a long slit or of a cleft of varying irregu- 
larity in shape. 

The early cleavage stages are passed through in a perfectly normal 
manner. The blastomeres show no greater variation in form from the 
typical than do normal eggs. 
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The rhythm of cleavage is that of the egg species. A spermatozoan 
from a species that normally has a different rate of cleavage cannot 
modify the rate of the hybrid egg. 

Hybrid eggs may develop more slowly than normal eggs. This usu- 
ally does not appear until Jater stages. As development proceeds the 
difference in rate grows increasingly great. 

Dispermic eggs fall at once into four cells of the normal size and 
arrangement. This is followed by a normal 8, 16, 32, etc. cell stage. 

The dispermic eggs of the Fundulus hybrid may develop to a late’ 
cleavage stage but never form a germ ring or embryonic shield. 

The chromosomes of the two parent species, Fundulus heteroclitus 
and Menidia notata, are morphologically distinguishable, the rods of 
the former being long and straight in form, those of the latter, shorter, 
and commonly slightly curved. These retain their characteristic form 
when introduced into a strange egg through hybridization. 

During the development of the hybrids they retain their individuality. 
During the first two cleavages each kind remains grouped and bilaterally 
distributed on the spindle. During the resting stage of the four-cell 
stage the chromatin becomes more or less mingled, so that when the 
third cleavage spindles are formed the grouping and the bilateral dis- 
tribution of the chromatin has iargely disappeared. ° During the follow- 
ing resting period the mingling has gone further, so that a complete 
grouping of the two parental chromosomes occurs very rarely in. the 
following division. During the subsequent cleavages to a late cleavage 
only the mingled condition was observed. 

This mingling of the chromosomes does not destroy their individuality 
for in stages of division favorable to bringing out the form of the chromo- 
somes both kinds can be readily seen. 

In these hybrids any nuclear conditions which would indicate that the 
chromatin is bilaterally arranged does not indicate any bilateral distri- 
bution of the two paternal chromatins in those nuclei. 

The mingled condition of the maternal and paternal chromosomes in 
all but the very early stages of cleavages in these hybrids makes the bilat- 
eral distribution in the other forms described—Ascaris, Cyclops, Crepi- 
dula and Pinus—an open question. - 

The conditions obtaining in these hybrids are considered among the 
‘strongest evidences in support of Boveri’s hypothesis that the individual 
chromosomes persist and do not mix in the resting stages of the nuclei. 
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EXPLANATION OF PLATES. 
PLATES I TO IV. 


ABBREVIATIONS. 
bV’po., Blastopore. 
ed., Chorda. 
ec’'drm., Ectoderm. 
emb., Embryo. 
en’drm., Endoderm. 
Ins., Lens. 
ms’drm., Mesoderm. 
pv bl., Periblast. 
ylk., Yolk. 

PLATE I, 


Fie. 1. Conjugation of pronuclei in a dispermic Fundulus hybrid egg. 

Fic. 2. Cross section of a Fundulus hybrid embryo that was nearing the 
closure of the ‘ blastopore.’’ It shows the ectoderm, endoderm, meso- 
derm, neural cord, chorda and periblast. 

Fie. 3. Horizontal section through the eye of a Fundulus hybrid embryo 
that had come to the close of its development. Very few of the cell 
boundries can be made out. Cells of the cup are arranged in more or less 
distinct rows. Nucleoli numerous and large. One cell in the lens in the 
process of division. 

Figs. 4, 5,6 and 7. Caudal end of four Fundulus hybrid embryos which 
had come to the close of their development. Shows four types of 
abnormal “ blastopore” closure. 
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PLATE II. + 


Fies. 8, 9 and 10. Types of abnormal “ blastopore”’ closure in the 
Menidia hybrids. ’ 

Fie. 11. Late anaphase of the first cleavage of a normal Fundulus heter- 
oclitus egg. All of the chromosomes are of the long type. 

Fie. 12. Anaphase of the first cleavage of a normal Menidia notata egg. 
All of the chromosomes are of the short type. 

Fic. 13. Chromosomes of Fundulus heteroclitus and Menidia notata 
drawn %o the same scale. Both are taken from the spindle shown in Fig- 
ure 14. 

Fie. 14. Anaphase of the first cleavage of a Fundulus hybrid egg. To 
the right in each half of the spindle occur only the short chromosomes; 
to the left, only the long ones. ¢ Menidia. 9 Fundulus. 

Fig. 15. Anaphase of the first cleavage of a Menidia hybrid. To the 
right are all long chromosomes; to the left, all short ones. ¢ Fundulus. 
2 Menidia. 

Fic. 16. Metaphase of first cleavage of Fundulus hybrid. The large 
chromosomes to the right. ¢ Menidia. ? Fundulus. 

Fic. 17. Metaphase of the second cleavage of a Menidia hybrid. The 
long chromosomes to the right. ¢ Fundulus. 2? Menidia. 

Fic. 18. Half of an anaphase spindle of the second cleavage of a Menidia 
hybrid. All of the long chromosomes are to the left. ¢ Fundulus. 
2 Menidia. 
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PLATE III. 


Fie. 19. Anaphase of the third cleavage of a Menidia hybrid. In the 
upper half of the spindle the two kinds are clearly bilaterally distributed. 
g Fundulus. ? Menidia. : 

Fie. 20. Early anaphase of the fourth cleavage of a Menidia hybrid. 
The two kinds of chromosomes are evidently mingled. ¢ Fundulus. 
2 Menidia. 

Fig. 21. Chromosomes from a fourth cleavage spindle of a Fundulus 
hybrid. The cell was in anaphase. The chromosomes of the drawing 
are such of one end of a spindle in a single section as could be distinctly 
made out. They are drawn by only the partial aid of the camera. Hach 
chromosome is faithfully reproduced so far as its form and size are con- 
cerned but its position with reference to its neighbor is not in every 
instance retained in the drawing. ¢ Menidia. 9 Fundulus. 

Fie. 22. Anaphase of cell from middle cleavage of a Menidia hybrid. 
The two kinds of chromosomes are mingled. The short ones, as a whole, 
are nearer the pole than the long ones, so that they form a band extending 
across the spindle. ¢ Fundulus. 2? Menidia. 

Fig. 23. Telophase of the third cleavage of a Menidia hybrid. Only 
one-half of the spindle is shown. Of the two groups of vesicles the smaller 
ones, nearer the poles, are probably from the short chromosomes. The 
group of larger vesicles is composed for the most part of the long chromo- 
somes not yet so far along in their metamorphosis. ¢ Fundulus. 9 
Menidia. 

Fic. 24. Late anaphase of a cell from middle cleavage of a normal Men- 
idia notata. Only the small type of chromosomes are present. Compare 
with corresponding stages in Figures 22, 26 and 32. 

Fie. 25. Early anaphase of cell from early cleavage of a normal Fun- 
dulus heteroclitus egg. Only the long chromosomes are present. 

Fic. 26. Late anaphase of a cell from later cleavage of a normal Fun- 
dulus heteroclitus egg. Only the long type of chromosomes are present. 
Compare with corresponding stages shown in Figures 22, 24 and 33. 

Fic. 27. Cells from middle cleavage of a Menidia hybrid. They show 
the double nuclei in these cells. 

Fig. 28 is omitted on purpose. 
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PLATE IV. 


Fie. 29. Anaphase of the first cleavage of a Fundulus hybrid egg. ‘The 
small Menidia chromosomes introduced by the sperm are grouped to the 
right. 

Fic. 30. Anaphase of the first cleavage of a Menidia hybrid egg. Here 
the long Fundulus chromosomes have been introduced by the sperm and are 
_ grouped on the right in the spindle. 

Fic. 31. Half of an anaphase spindle of the second cleavage of a Men- 
idia hybrid. The short and the long chromosomes are grouped to the 
right and left respectively. ¢ Fundulus. 92 Menidia. 

Fic. 32. Late metaphase and late anaphase of cells from middle cleavage. 
of a Menidia hybrid egg. In the latter the long chromosomes extend for a 
considerable distance along the spindle fibres while the short ones are 
nearer the poles and form a band across the spindle. ¢ Fundulus. @ 
Menidia. 

Fic. 33. Late anaphase of a cell from middle cleavage of a Menidia 
notata egg. All the chromosomes are short. There are no long straggling 
chromosomes as in the hybrid cells (Fig. 32.) See also Figures 22 and 26. 
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ON THE LUNG OF THE OPOSSUM. 


BY 
JOHN LEWIS BREMER, M. D. 


From the Embryological Laboratory of Harvard Medical School. 


WitH 11 TExt FIGURES. 


The lung of the new-born opossum in the pouch shows peculiarities, 
already partly described by Selenka, which make it appear that respira- 


Fie. 1. Opossum, 10.5 mm. trans. Series 614, No. 305. Ao, aorta; oes, oesoph- 
agus; au, auricle, ven, ventricle of heart; p7., new bronchial bud. 


tion is carried on in specially modified bronchi and bronchioles before 
the infundibular portion of the lungs is developed. Selenka’s descrip- 
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tion, found on p. 159 of his “ Entwickelungsgeschichte der Tiere,” is 
as follows: 


“The lungs of opossum have to develop into functioning breathing 


organs within the last three days of uterine life. There is neither the ~ 


available material nor the necessary time to make a very great number 
of alveoli and prepare them for breathing (as is completely done in 


Fre. 2. Opossum, 12.5 mm. frontal. Series 618, No. 338. Pul. art, pulmonary 
artery; pul. ve, pulmonary vein; oes, oesophagus; pv, new bronchial bud; card, 
part of cardiac lobe. 


foetal life in placentalia). Only a few dozen large air-chambers, as a 
provisional breathing apparatus, can be made, which later, during the 
life in the pouch, develop by the growth of partitions into a richly 
branched bronchial tree. The lung may be said to be of rapid growth 
inasmuch as the alveoli are ready for breathing in a remarkably short 
time; but its growth is slow if we consider the increase if the number 
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of alveoli as a gauge. Probably in this wonderful development of the 
opossum lung, the forces at work in evolution are reproduced, for the 
lung of a new-born opossum has exactly the form of a reptilian lung.” 

In the main this description is correct, but it seems to me imperfect 
in some respects. The opossums examined by me were: first, six new- 
born, taken from the same pouch, ranging in size from 10.5 to 12.5 mm., 
second, two of about 14 cm.; third, two young adults and one old adult. 

The lungs of the smallest opossums correspond to the description of 
Selenka, as they are composed of a few large air-chambers, opening 
almost directly into the main bronchus, which is itself an elongated 
chamber. The appearance in section is shown in Figs. 1 and 2, a trans- 


Fic. 3. Fia. 4. 


Fic. 38. Cast of lung of 12.5 mm. opossum, seen from behind and from the left. 
pr, new bronchial buds. 


Fic. 4. Cast of lung of 12.5 mm. opossum, seen from the front and a little above. 
pr, new bronchial buds; card, cardiac lobe; It. ep, rt. ep, left and right eparterial 
bronchi; «, x, groove for pulmonary artery. 


verse and a frontal section of a 10.5 mm. and a 12.5 Inm. opossum 
respectively ; and the general form is shown in Figs. 3 and 4, drawings 
of a cast of the lung of the 12.5 mm. opossum obtained by Born’s wax- 
plate method. Selenka is wrong, however, in speaking of alveoli; the 
large chambers correspond to bronchi and bronchioles; infundibula and 
alveoli are lacking. 

In the lungs of placentalia growth in the embryo is accomplished 
by the branching of the small tubes of cuboidal cells and with narrow 
lumen, which represent the bronchi; each new limb in turn sends out 
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new buds, all of which are like the parent stem, pushing into the sur- 
rounding mesenchyma. Just before birth a new kind of bud, with a 
different system of division, is developed from the end of the last set 
of branches, and these form the infundibula and alveoli, the true 
breathing portion of the lung. In the young opossum, which is trans- 
ferred to the pouch when only about 10 mm. long. breathing must be 
carried on at the same time as the growth and branching of the bron- 
chial tree; so instead of the usual short buds of cuboidal epithelium, 
as found in placentalia, in the young opossum large chambers are found, 
representing the narrow tubes, but lined with peculiar epithelium so that 
they may serve as respiratory 
organs. These chambers are 
not, however, to be considered 
alveoli, but bronchi and bron- 
chioles: and they retain their 
power of sending off new buds 
or branches, which may be seen 
in the model and in the sections 
as hornlike processes, hollow and 
slender at first (soon widening 
into large chambers), pushing 
into the surrounding mesen- 
chyma, and giving evidence that 
Selenka’s idea of division into 
a bronchial tree by means of 
newly forming partition walls 
is wrong. The lung of the new- 
born opossum is composed of a 
simple system of branching 
bronchi and bronchioles, dilated 


Fig. 5. Opossum, 12.5 mm. Series 618, No. 303. se cay we : : % 
Ep, Baitheliaal lining air-chamber; mus, muscle ; and lined with modified epithe 


con. tis, connective tissue ; ve, vein; cap, capillary. 1- : 
Fic. 6. Same as Fig. 5. Ep. pl, epithelium of lium to allow for breathing, 
pleura. 


Fig. 7. 


Fia. 7. Lacerta. Series sia No. Ga nA but retaining their power of 
Fig. 8. Opossum, 14cm. Trans.section of lung. + c 
Pr, new Brcnchial branches; inf, infundibula. further growth. 


On examining the epithelium 
lining these air-chambers, we find what seems to me a transitional stage 
between cuboidal and “breathing epithelium” (see Figs. 5 and 6). 
Directly over the capillaries, three of which are cut across in Fig. 6, the 
cells have become squamous, with a thin plate and the nucleus lying 
between the blood vessels; but the plates are not to be compared in thin- 
ness with those of the human lung, for instance (in one cell in Fig. 6 
the nucleus lies in the plate) ; and the meshes of the capillaries are so 
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wide that many cells remain cuboidal, having no capillary over which 
to spread a plate. This peculiar epithelium extends not only over the 
inner surface of all the air-chambers, but also over the main bronchi as 
far up as the beginning of the rings of cartilage. 

If we compare these lungs with those of some reptiles we find that 
they are similar both in the arrangement of air-chambers opening into 
a dilated main bronchus, and in the character of the epithelium, as is 
shown in Fig. 7, drawn from the lung of Lacerta. Also in both the 
opossum lungs and reptilian lungs there are bands of muscle fibres 
running circularly around the central air-chamber or bronchus, whose 
probable function is to contract the lung and force the air out during 
expiration. Still further, in the reptilian lung the arrangement of 
the bronchial branches is symmetrical, both’ right and left bronchus 
being provided with one branch anterior to, and another posterior to 
the pulmonary artery; and if we examine the drawing (Fig 4) and the 
diagram (Fig. 10) made from the same opossum, we find that in the 
new-born opossum also there is one bronchial branch in front of and 
another behind the artery in both right and left lung. This was found 
in five out of the six new-born opossums; one was rendered useless for 
serial work. In other words, the new-born opossum has an eparterial 
bronchus on both right and left sides; that on the left is always the 
smaller and slightly lower placed, and the air-chambers supplied by it 
do not form the apex of the lung; still in spite of its small size and 
relatively low position, it is distinctly above 
the first ventral bronchus and behind the 
artery and so corresponds to the eparterial 
bronchus of the right lung, and may be con- 
sidered as making the two lungs symmetrical 
and reptilian in type, as no placental mam- 
malian lungs are. This symmetry is marred 
by the presence of a large cardiac lobe on the 
right side, of which I can find no trace on the 
left. Still, as regards general appearance, 
character of the lining epithelium, and sym- 
metry of bronchial branches (with this one 
exception), these lungs are, as Selenka says, 
reptilian. 

Let us now trace the growth of this lung _Fia. 9. Photograph of cut 

i ; r surface of lung of young adult 
further. On looking at Fig. 8, a section of opossum. 
the lung of a 14 cm. opossum, we find the primary bronchi and their 
early branches now provided with a thick coat, partly due to the 
multiplication of the circular muscle fibres already mentioned, while 
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the lining epithelium has reverted to the cuboidal type or even 
become cylindrical. We have found now the reason for the peculiar 
epithelium seen when these passages were breathing spaces; 1t was a 
compromise allowing enough oxygenation of the blood for an animal 
whose existence is passed in the mother’s pouch, and yet not far enough 
removed from the cuboidal type to make it hard to revert to it. 

The bronchial tree has become quite complicated and at the surface 
of the lung may be seen in cross-section new hornlike processes (pr.) 
representing newly formed branches. But with these are terminal pieces 
of much larger size, often with triple branching, seen chiefly on the 
surfaces of the lung where growth has nearly ceased. They represent 
a new element in the opossum lung, but one found in placental lungs 
just before birth, namely the infundibular portion of the lung (inf.). 
They may be seen forming a cortex in Fig. 9, a photograph of the 
cut surface of the lung of a young adult opossum; but with age they 
become inconspicuous because more evenly distributed. They mark 
the end of the stage of rapid growth, for from these infundibula no 
branches, unless we count 
the alveoli, are given off; 
and so they are absent from 
all activity growing portions 
(such as the borders in Fig. 
8), their places being taken t¢ -“~ 
by the hornlike processes, v1-/ (| 
which are capable of fur- \C , 
ther growth. The lung has ; 
changed from a_ reptilian 


Rita aeeenin ene mammalian type part- yi 


lung of opossum of 12.5 wii 7] 
iN ape Ucar ly by the multiplication of 


Pul. art, pulmonary 7 a i 
STESia® Gina S/GRRGIES the bronchial branches, but 


lobe; It. ep, rt. ep. left 7 1+] ZA : 
lobe iW. cbs rt. ep. lett chiefly by the addition of @  yyq,11, Diagram: Lung of 


bronchi. VJ, first ven- 1 opossum of 14 cm. seen from 
tral bronchial branch. new class of air chambers, in front. 


growing from the ends of 
the bronchioles, but differing from them im that the spaces are dilated 
instead of horn-shaped or tapering, and are lined with true “ breathing 
epithelium,” with narrow-meshed blood vessels and very thin plates. 

The opossum lung changes from reptilian to mammalian also in the 
loss of the left eparterial bronchus. How this comes about I am unable 
to state for the lack of the necessary stages, for already in the opossum 
of 14 em. the change is complete, as can be seen in Fig. 11, a diagram 
of the bronchial branches and the arteries of an opossum of that size, 
where no trace of a left eparterial bronchus remains. 
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Following Selenka’s suggestion, then, it seems to me that we find 
in the lung of the opossum an epitome of the evolution from reptilian 
to mammalian lung, and that the chief points are the loss of the left 
eparterial bronchus in mammals, and the addition to the reptilian lung, 
which consists only of bronchi and bronchioles, of a new apparatus, with 
a different and more complicated system of branching, and with walls 
better adapted for breathing—the infundibular portion of the lung. 
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ENAMEL IN THE TEETH OF AN EMBRYO EDENTATE 
(DASYPUS NOVEMCINCTUS LINN). 


BY 
A. M. SPURGIN, M. D. 


WITH 2 PLATES. 


Tomes was the first to work on the embryology of the teeth of the 
nine-banded armadillo (Dasypus novemcinctus L.). In 1874, he exam- 
ined two embryos, one early and one relatively late. The exact length 
of these embryos I have been unable to ascertain, but in the early one 
a layer of dentine had been deposited. He said that the stellate reticu- 
lum or enamel pulp was absent, and that he failed to find any enamel or 
anything like it upon the teeth. He regarded the enamel organ as rudi- 
mentary, stating that an enamel organ was present in all tooth-germs, 
and that it was entirely independent of any subsequent development of 
enamel. 

In 1884, Pouchet and Chabry examined embryos of Orycteropus capen- 
sis, and Bradypus tridactylus. In an embryo of the former, of 32 cm., 
they found a typical rudimentary incisor with an enamel organ and 
dental papilla in which a layer of dentine had been deposited. An embryo 
of 12 em. of Bradypus tridactylus showed an enamel organ covering the 
dental papilla in which a layer of dentine had appeared. In an embryo 
of the same animal of 23 cm. in which the teeth had erupted, they 
described the dentine, vasodentine, and outer coat of cement of the 
typical adult tooth. They found no enamel, and state that the stellate 
reticulum was absent in the enamel organ of the sloths. 

As early as 1828, A. Brants found a rudimentary incisor in the lower 
jaw of Bradypus tridactylus. P. Gervais in 1873 confirmed this dis- 
covery. Burmeister made a similar discovery in the fossil Scelidotherium 
leptocephalum. Flower, in 1869, described a rudimentary incisor in the 
lower jaw of Tatusia Peba (Dasypus novemcinctus), and in 1877 Rein- 
hardt observed as many as four in the lower jaw of the same animal. 

Hensel has shown that the armadillos, Dasypus novemcinctus and 
D. hybridus Desm. are diphyodont. In an examination of thirty five skulls 


1 Contributions from the Zodlogical Laboratory of the University of Texas. No. 51. 
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of the former, he found some with milk teeth and some showing the 
change to the premanent set. The last tooth had no predecessor, and 
the teeth were not changed until the animal had nearly reached the 
adult stage. On examination of two skulls of Dasypus hybridus a simi- 
lar condition was found. A rudimentary incisor was also found in 
this animal. The milk teeth have been described as two-rooted, but 
Tomes holds that this appearance is due to the absorption set up by 
the pressure of the succeeding permanent teeth. 

In 1889, O. Thomas found in two young specimens of Orycteropus 
of fourteen and eighteen inches respectively, a complete though rudi- 
mentary set of milk teeth in each jaw, none of which were in the pre- 
maxilla. They were all minute, and this fact led him to think it 
very doubtful that they would ever have cut the gum. Unfortunately 
his material was limited, and he made no histological investigation, 
so we know nothing of the structure of the enamel organ at this stage. 
Thomas has also examined specimens of Bradypus, Choloepus, and 
Dasypus, apparently of a suitable age, and could find no trace of a milk 
dentition; he says, however, that the possibility still remains that in 
younger stages unealcified tooth-buds of such teeth may be present. 
Tomes and Flower have also examined foetal Cholcepus and Bradypus 
and have found no trace of any milk dentition. 

In 1892, Rose (g2*, p. 507) observed in an embryo of Myrmecophaga 
didactyla 20 em. long, at the point of the jaw, where in other cases the 
tooth-buds are connected with the mouth epithelium, a row of excep- 
tionally high papille. He thinks that very probably in younger, stages 
the tooth-buds were formed at this place but were not further developed. 
In the same year, in an embryo of 7.6 em. of Manis tricuspis and one of 
M. javanica of 9 em., Rése’* found well defined dental folds in both upper 
and lower jaws, and in the lower jaws rudimentary club-shaped tooth- 
buds. He has shown by examination of older specimens that they sub- 
sequently disappear. 

The only work that has been done on the teeth of the armadillo since 
that of Tomes has been done by Rose and by Ballowitz who worked at 
the same time but independently of each other. 

In 1892, Rése examined two embryos, one of Dasypus novemcinctus 
of 7 em. and one of D. hybridus of 6 cm. In the first-named embryo he 
found an enamel organ composed of an inner and an outer epithelial 
layer and a well developed stellate reticulum. He did not describe any 


*The mounted slides of these embryos had been furnished by Max Weber (’91) who 
had not found any indication of the dental folds. 
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stratum intermedium. Ile described the buds for the permanent teeth 
as arising from the outer layer of the enamel organ, and not, as ‘Tomes 
has shown it in one of his figures, as coming from the mucous mem- 
brane of the mouth eavity. The bud for the eighth tooth, which has 
no predecessor, he described and illustrated as arising directly from 
the mucous membrane of the mouth cavity. With the exception of the 
first, the teeth are bicuspid. The tooth-buds of two rudimentary incisors 
were described but no dentine had been deposited. Rose found the same 
general condition in the embryo of Dasypus hybridus. Besides two rudi- 
mentary incisors, there were seven back teeth, the first two having 
single cusps. On the whole the development was further advanced than 
in the other embryo, dentine having been deposited in the rudimentary 
incisors as well as in some of the back teeth. Rése found in connection 
with the enamel organ of both of these rudimentary incisors, secondary 
buds coming from the outer epithelial layer, the one from the second 
incisor being best developed. He remarks that this does not cut off 
the possibility that this tooth may also have a successor in the later 
change of teeth. He states that while the embryos examined by him 
had no enamel, they did have, as a secretion product of the enamel cells, 
a thin structureless membrane lying directly against the dentine and 
exactly corresponding to the formation which in other animals we call 
Nasymth’s membrane. 

Ballowitz examined two embryos of Dasypus novemcinctus of 6 and 
8 cm. respectively. He found a typical enamel organ, with inner and 
outer epithelial layers, stratum intermedium, and well developed stel- 
late reticulum. He describes the processes of the inner columnar 
epithelial cells, generally known as Tomes’ processes, but says he has not 
been able to explain them. He states that very soon after the first layers 
of dentine have been deposited, the outer layer of cells disappears and the 
stellate reticulum is replaced by connective tissue. He says that while 
it is true that the inner epithelial layer and stratum intermedium remain 
over the calcified dentine in an unbroken layer; they have undergone a 
considerable change; the inner layer loses its columnar shape and becomes 
flattened, the stratum intermedium is reduced, so that only two or three 
layers of flat cells can be found on the cusps. Whether these cells have 
anything to do with the development of Nasymth’s membrane, or whether 
in these teeth such a membrane was present at all, Ballowitz says, it 
was impossible to decide. In the tooth-buds of the larger embryo, which 
were separated only by connective tissue, he found secondary buds coming 
off from the lingual side of the outer epithelial layer of the enamel 
organ. No rudimentary incisors were described, and I presume none 
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were observed. The point Ballowitz lays most stress upon is the finding 
of an epithelial ring at the base of the dental papilla which is a portion 
of the enamel organ constricted off from the lower edge of that organ. 
He has shown this epithelial ring to persist in the adult, and he regards 
it as essential to the development of the dentine in these continuously 
growing teeth. He quotes from A. von Brunn’s work on the enamel 
organ in support of this theory, but I have been unable to see this 
article. Ballowitz denies that the presence of the stellate reticulum 
and stratum intermedium have any close connection with the deposition 
of enamel, stating positively that at no time can enamel be deposited 
in the Dasypus novemcinctus, and that the only functions of the enamel 
organ are: to give form to the developing tooth, to stimulate the odon- 
toblasts to deposit dentine, and to give off the epithelial ring which is 
necessary to the continued development of the dentine. 

A year ago, Dr. W. M. Wheeler, of the School of Zoology, had the good 
fortune to secure four embryos of the Dasypus novemcinctus from an 
adult female which had been kept in the laboratory for several weeks. 
The embryos were removed immediately after the animal had been chloro- 
formed, and were hardened for six weeks in Miiller’s fluid, primarily for 
studying the placentation. He found four placente inclosed in one 
amnion (Plate I), but has not since had the time to study the subject 
further. Dr. Wheeler very kindly furnished me the material for work- 
ing on the embryology of the teeth, but owing to the pressure of other 
work, nothing was done until this year. 

The largest embryo of 9 cm.’ and one measuring 8.5 em. were selected. 
From the larger embryo, longitudinal sections of the lower jaw were 
made, and by making a sagittal section of the upper jaw, both longi- 
tudinal and transverse sections were obtained. They were imbedded 
in celloidin, cut 25 micra thick, and stained in hematoxylin and 
eosin, but were not kept in series. From an embryo of 8.5 cm. both 
longitudinal and transverse sections of the lower jaw and longitudinal 
sections of the upper jaw were made. They were imbedded in parattn, 
cut 10 micra thick, mounted in series, and stained with iron hema- 
toxylin. 

In the longitudinal sections of the lower jaw of the 8.5 cm. embryo, 
I found five rudimentary incisors and eight back teeth. The jaw 
measured 11 mm. from the tip to the posterior edge of the last tooth- 
bud. The first incisor was found 1.8 mm. from the tip, the width of 


3Tn all cases the measurements given are from the crown of the head to the base 
of the tail. 
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the jaw at this point being 1.5 mm. The incisors were separated from 
each other by about .6 mm. ‘These rudimentary incisors diminished in 
sive and degree of development from behind forward as shown in Plate 
I], Fig. 1. They were separated by connective tissue with the exception 
of the last two, which were separated by a rather large piece of cartilage. 
A similar piece of cartilage behind the last tooth and a somewhat smaller 
piece growing up between the third and fourth teeth (Plate II, Fig. I), 
would seem to indicate that sockets were to be formed for at least the 
last two. The shape of the first three teeth is that of a true incisor 
with a single cutting edge, while the shape of the last two is nearly that 
of a typical cuspid with a single somewhat prominent cusp. 

On each of the rudimentary incisors a layer of enamel has been depos- 
ited. The relative thickness, which diminishes from the back tooth for- 
ward, is represented in Plate II, Fig. 1, by the black line. Under the low 
power, the enamel appears as a dark band which, in many sections, has 
been pulled away from the dentine and fractured in the direction of 
the enamel rods. This was due to the sectioning, since the tissue had 
not been completely decalcified by the Miiller’s fluid. Plate II, Fig. 2, 
shows this condition in a high power drawing of one of the incisors. 
With the;4-inch oil immersion lens the direction and structure of the 
enamel rods could be made out. In the fourth and fifth incisors the 
inner layer of the enamel organ had lost its columnar character; the 
stellate reticulum had disappeared, and only a few layers of flattened 
epithelial cells remained over the enamel layer. In the first three teeth, 
in which the enamel was not so thick, more of the enamel organ re- 
mained, and at places away from the central area of the cusp, the 
columnar cells of the inner layer could be seen. The cells in the imme- 
diate area of the cusps were flattened as in the case of the last two teeth. 
This clearly indicates that the enamel in the last two teeth has been 
completely laid down, while more may yet be deposited from the col- 
umnar cells in the three anterior teeth. No Nasmyth’s membrane could 
be found, and no secondary buds were observed in any of the rudi- 
mentary incisors. These buds were not to be expected, since the develop- 
ment had advanced considerably further than in the 6 em. embryo of 
Dasypus hybridus, in which Roése demonstrated their occurrence. Al- 
though I carefully examined the sections from the upper jaws of both 
embryos, I failed to find any trace of buds for rudimentary incisors. 

From a study of the longitudinal and transverse sections from the 
lower jaw of the 8.5 em. embryo, it could be seen that the tooth-buds 
of the eight back teeth were almost completely surrounded by cartilage. 
The two plates of cartilage forming the groove in which the teeth were 
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developing sent prolongations between them which roughly followed the 
contour of the teeth. The tooth-buds, however, were close together 
and complete septa had not as yet been formed between them. In all 
the back teeth except the eighth, a thin layer of dentine had been 
deposited and in a few of them it was calcified. On the whole the 
development of the teeth in the lower jaw was in advance of that of 
the upper. In the embryo of 9 cm. the development was still further 
advanced, and calcified dentine was found in most of the teeth. Plate 
II, Fig. 3, shows the first back tooth with a well developed layer of 
enamel appearing under the low power as a much darker band than the 
dentine, and broken at frequent intervals in the direction of the enamel 
rods in the process of sectioning. As in the first three rudimentary 
teeth, the columnar cells of the inner layer of the enamel organ have 
become flattened over the thicker portion of the enamel layer, while 
they still retain their shape over the thinner portions (Plate II, Figs. 
2 and 3, ce). The stellate reticulum and outer layer of the enamel 
organ were still present over the sides of the dental papilla as shown 
in Fig. 3. The portion marked eo, which has been torn in sectioning 
from the body of the enamel organ, shows the epithelial ring (er) 
in process of being constricted off. This has been described in full by 
Ballowitz and has also been observed by Pouchet and Chabry in the 
embryo of the sloths. I found this portion of the enamel organ in 
many sections of both rudimentary and back teeth. In some sections 
it has been separated from the enamel organ. Plate II, Fig. 4, shows 
a high power drawing of the enamel and dentine from the same section 
as Plate II, Fig. 3. The uncalcified dentine is easily distinguished from 
the darker calcified dentine, being cut off from the latter by a sharp 
line of demarcation, a condition which was not found in any 
of the rudimentary teeth. This may indicate that in these teeth the 
dentine has been completely deposited. If such proves to be the case in 
later embryos, Ballowitz’s theory concerning the epithelial ring would 
have no weight. 

In the fifth and sixth tooth-buds, in the longitudinal sections of the 
smaller embryo, the buds for the permanent teeth could be seen coming 
off from the outer epithelial layer of the enamel organ. Plate II, Fig. 5, 
which shows this, shows also a portion of the enamel organ with inner 
and outer epithelium, stratum intermedium, stellate reticulum, and 
Tomes’ processes. A thin layer of uncalcified dentine has been deposited. 
I do not find that the outer layer of the enamel organ is broken through 
until after the enamel has begun to be laid down. Rése and Ballowitz 
both describe the breaking up of this layer as taking place shortly after 
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a thin layer of dentine has been deposited and much earlier than is the 
case with most animals. Rdse (93, p. 448) describes the same condition 
in the teeth of reptiles. The condition I find is exactly what we should 
expect. As is well known, the dentine is deposited first and the outer 
layer and stellate reticulum of the enamel organ do not disappear until 
after the first layers of enamel have been deposited (Sudduth, 86, p. 
640). Rése and Ballowitz, however, found no enamel and Ballowitz 
describes the early degeneration of the entire enamel organ. 

The bud for the last tooth, which has no predecessor in the milk- 
dentition, was considerably smaller than the other seven. A well-rounded 
dental papilla was present, and the enamel organ was connected with 
the enamel organ of the seventh tooth by an epithelial band consisting 
of several layers of cells (Plate II, Fig. 6). I could trace this band 
distinctly through ten or twelve sections from the longitudinal series 
of both upper and lower jaws of the 8.5 cm. embryo. I was also able 
to follow it in the transverse serial sections of the lower jaw of the 
same embryo. 

As will be seen, the results of my work on the tooth embryology of the 
armadillo differ in several important points from those of Rose and of 
Ballowitz. Rose described and figured the bud for the last tooth as 
coming from the mouth cavity direct, but it had not as yet expanded 
into the enamel organ and no dental papilla was present. What Rose 
had was probably a tubule of one of the glands which appear in the 
region behind the last tooth-bud. 

As has been mentioned, Rose describes as the secretion product of 
the enamel cells, a thin structureless membrane which lies directly 
against the dentine and corresponds to the Nasmyth’s membrane of other 
animals. It is very evident that such a membrane does not exist 
between the dentine and the enamel which I have shown to be deposited 
later. Rose may have seen a very thin layer of enamel. 

I shall not enter into a discussion of the epithelial ring upon which 
Ballowitz lays so much stress, since I did not have access to the litera- 
ture upon the subject, but he is certainly wrong in asserting that the 
only function of the enamei organ is to give the form to the developing 
tooth, and to give off the epithelial ring. In regard to the presence 
of the stellate reticulum, Rése offers no explanation. Ballowitz, while 
recognizing that the stellate reticulum is found only in tooth-buds in 
which a layer of enamel is afterwards deposited, denies that it has any 
connection with the deposition of this substance. It is indeed difficult to 
see how Ballowitz could have failed to'see any significance in Tomes’ 


processes, which he described in connection with the enamel cells. He 
5a 
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says that we could adopt Waldeyer’s mechanical theory of the enamel 
pulp as merely serving to make room for the developing tooth, were 
it not for the fact that the entire enamel organ disappears so early. 
But I have shown that this is not the case; the breaking up of the outer 
epithelial layer and disappearance of the stellate reticulum does not 
take place any earlier in the armadillo than in other animals. While 
recognizing the importance of the enamel organ in all animals as direct- 
ing the growth of the dentine and giving the form to the tooth, I do not 
believe that the stellate reticulum merely subserves a mechanical func- 
tion; but I regard the finding of enamel in the armadillo as strengthen- 
ing the view that the stellate reticulum holds pabulum for the first layers 
of enamel. . 

I was unable to see Reinhardt’s article, but find through Rése’s dis- 
cussion of it that he describes the rudimentary teeth of Dasypus novem- 
cinctus as having closed roots and states that they never cut the gum 
but are later absorbed. He says, however, that the last tooth is sometimes 
retained in half-grown animals. I did not find the teeth showing any 
signs of absorption and, as can be seen from Plate II, Fig. 1, they have 
open roots which are typical of the persistently growing adult teeth. 
I believe that the teeth will be erupted and thus lost. I am led to this 
view by the fact that there are indications of the formation of sockets 
for the last two teeth, and that the teeth are all fairly well developed. 
Supporting this view, we know that in the Priodontes the teeth in the 
anterior portion of the jaw are soon lost and that all traces of the 
sockets disappear. We also know that in Dasypus setosus, and the fossil 
Chlamydotherium, incisors still function. 

While Rose and Ballowitz very correctly state that the discovery of a 
well developed enamel organ in the armadillos tends to show that they are 
descended from animals whose teeth are more highly organized, I have 
shown that enamel is still present on the teeth of the milk dentition, 
and that the gradual reduction of the enamel, as well as that of the 
incisor teeth, is still taking place. I believe that older stages of the 
Dasypus hybridus, in which, according to Rose, the enamel organ is 
equally well developed, will show enamel. 'The question as to whether or 
not any enamel is present in the tooth-buds of the premanent teeth, and 
the question as to how long the enamel remains on the milk teeth are 
matters for further study. The fact that the enamel organ is well 
developed in the eighth tooth (Plate II, Fig. 6), which has no prede- 
cessor in the milk dentition, would seem to indicate that this permanent 
tooth would have enamel. I attempted to demonstrate this by making 
dry sections of back teeth taken from several adult armadillos; but as 
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I was unable to obtain a young animal, all the teeth at my disposal 
were more or less worn, and if there had been enamel on the teeth at 
eruption it had been worn off. 

Although no enamel is present on the adult teeth of any of the living 
Edentates, the fossil forms Progmegatherium and Promylodon, from 
the infra-Pampean beds of Argentina, have been distinguished by 
Ameghino from the Megatherium and Mylodon as possessing bands of 
enamel. Burmeister, g1, however, who has also worked on the fossils 
of this region, disputes Ameghino’s statement. Flower (g1, p. 204), 
states that some Glyptodonts occurring in South American beds of an 
earlier age than the Pleistocene have enamel bands on the teeth. I con- 
sider this fact of great weight in showing a possible connection between 
the Glyptodonts and the living armadillos through the fossil Chlamy- 
dotherium, whose teeth resemble those of the Glyptodonts, but have no 
enamel. 

UNIVERSITY OF TEXAS, Austin, Texas, May 15, 1903. 
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EXPLANATION OF PLATES I AND II. 
REFERENCE LETTERS. 


c., cartilage. iep., inner layer of enamel organ. 


ct., connective tissue. mm.,-mucous membrane. 

ce., columnar cells over thinner oep., outer layer of enamel organ. 
portion of enamel layer. 0., odontoblast cells. 

d., dentine. sr., stellate reticulum. 

dp., dental papilla. si., stratum intermedium. 

€., enamel. sb., secondary bud. 

e0., enamel organ. stb., portion of second tooth-bud. 

er., epithelial ring. ud., uncalcified dentine. 

eb., epithelial band. *,, space left by shrinkage 

fep., flattened cells of enamel of specimens. 
organ. 


All figures (except Plate I) were made with the aid of the Camera 
Lucida and in the process of reproduction were reduced about one-third. 


PATE ie 


Photograph of embryos Dasypus novemeinctus L., showing placentation. 
Reduced about one-third. 
PLATE II. 


Fic. 1. Longitudinal section, lower jaw 8.5 em. embryo, showing rudi- 
mentary incisors. Leitz obj. 3, Oc. 1. 

Fic. 2. Rudimentary incisor of Fig. 1 enlarged, errs enamel sepa- 
rated from the dentine and fractured in the direction of the enamel rods. 
Leitz obj. 7, Oc. 1. 

Fic. 3. Longitudinal section, lower jaw 9 em. embryo, showing enamel 
in the first back tooth. Leitz obj. 3, Oc. 1. 

Fic. 4. Enamel and dentine of Fig. 3 enlarged, showing uncalcified 
dentine and odontoblast cells. Leitz obj. 7, Oc. 1. 

Fic. 5. Longitudinal section, lower jaw 8.5 em. embryo. <A portion of the 
tooth-bud of the fifth back tooth, showing the secondary bud coming from 
the outer epithelial layer of the enamel organ. Note Tomes’ processes of 
the inner epithelial layer directed toward the dentine. Leitz obj. 3, Oc. 4, 
tube drawn out to 20 em, 

_ Fie. 6. Longitudinal section, lower jaw 8.5 em. embryo, showing the 
enamel organ of the eighth tooth-bud still connected by an epithelial band 
to the enamel organ of the seventh tooth-bud. Leitz obj. 3, Oc. 1. 


ENAMEL IN THE TEETH OF AN EDENTATE (Armadillo). PLATE | 
A. M. SPURGIN 


AMERICAN JOURNAL OF ANATOMY--VOL. III 


ENAMEL IN THE TEETH OF AN EDENTATE (Dasypus novemcinctus I..). 
A. M. SPURGIN 
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THE EMBRYONIC DEVELOPMENT OF THE OVARY AND 
TESTIS OF THE MAMMALS. 


BY 
BENNET MILLS ALLEN. 


From the Hull Zoological Laboratory, University of Chicago. 


WitH 7 PLATES AND 5 TEXT FIGURES. 


This work was carried on with the aim of solving the following prob- 
lems: (1) The origin and development of the seminiferous tubules and 
their homologues in the ovary; (2) the origin, development and homo- 
logies of the rete tubules together with their relations to the Mal- 
pighian corpuscles of the mesonephros on the one hand, and to the 
seminiferous tubules of the testis on the other; (8) the origin, devel- 
opment and homologies of the connective tissue elements and inter- 
stitial cells of the ovary and testis. 

Incidental to the solution of these problems, the work has involved 
to a greater,or less extent a consideration of the following allied prob- 
lems: (1) The development of sex cells; (2) the morphological phases 
of sex differentiation; (3) cell degeneration in the sex gland and rete; 
(4) the degeneration of the mesonephros and the development of the 
Wolffian and Miillerian ducts. 

This work, covering as it does a very broad field, naturally touches 
upon many points that have already been treated by previous workers. 
Although much has been written upon this subject there is a singular 
lack of unanimity in the results attained. This is largely due to the 
fact that only in a very few cases has the process of development of 
the sex gland been followed in an extensive series of stages. Suéh work 
has naturally resulted in giving rise to many false and contradictory 
views upon these subjects. 

The difficulties in the investigation of these problems are further 
enhanced by the fact that the sex glands are composed entirely of meso- 
dermal tissue, in which a large part of the cells are without BE EEG 
cell boundaries. 

2. MATERIAL AND TECHNIQUE. 


The material employed includes numerous stages in the develop- 
ment of the ovary and testis of the rabbit, from the 13-day embryo 
to and including adult stages. The pig material includes only em- 
bryonic stages, but is more complete for the period covered than is 
the rabbit material. 


AMERICAN JOURNAL OF ANATOMY.—VOL. III. 


8 


90 Embryonic Development of Ovary and Testis of Mammals 


The two forms studied—rabbit and pig—are complementary in their 
points of special suitability for this work. Although there are minor 
differences in the development of the sex glands in these two forms, 
yet the general process is essentially the same. In general the pig is 
the more instructive form for a study of the early stages of embryonic 
development, while the rabbit furnishes material better suited for the 
study of the post-embryonic stages. 

The following tables indicate the stages studied, the sex of the 
specimen and the number of series cut in each case. The stage of 
development is indicated in the rabbit by the number of days and in 
the pig by the length of the embryo. 


RABBIT. Pig EMBRYOS. 
Indif- Indif- 
ferent. Female. Male. Stages. ferent. Female. Male. 
_ (us 1D. il si =. 0.6 ;cm. 1 
® | 144¢D 3 2 Dore Cray, iL 
Sy lo) 2 2 0.8 cm. 1 
aa | la 1D 4 2 0.9 em. 1 
2, 18D 2 1 em. 1 
g } 19D. 2 afr en: 1 
mB | 21D. 2 3 1.25 ecm 1 
2 | 28D. 1 ik 33) Cm. 1 
a bb D. 1 “ie 1.4 cm. 4 
[26 D. il 3 1.5 cm. 2 
Wala}, epee 2 
Se : i 1.7 cm. 4 ry re 
( 3D. 2 iS seme 3 2 
8D. ee 2 2.5 cm. 2 1 
| 10D. 2 3 em. 3 i 
116} 1D). 1 7 3.5 cm. i Br 
i710). 1 eee 4 cm. 2 1 
24 D. oe il 5 cm. 2 ee 
a aye De 1 ee east 2 al 
= | 31D. 1 (Omen 1 1 
{i 37D. 1 8. eer i! 4 
B 45 D. 1 8.5 em 3 3 
ea | 50 D. 1 10 em 2 2 
mal [peck lO 1 13 cm 1 2 
85 D. 2 13.5 cm il ste 
93 D. 1 15 em at 2 
100 D 1 : 18 cm il 1 
| 130 D Sh i 1 20 cm. il il 
{140 D. Be oe 1 25 cm. 1 il 
One each of the following stages of 
adult rabbit ovaries: Notr.—The pig embryos were meas- 
6-months-old virgin. ured from the cervical to the tail bend 
Old individual, 3 months since last in all stages up to 5 cm. length, when 
pregnancy. the measurement was taken from the 
316 days pregnant, base of the tail to the top of the head. 
3% ut This change was made for practical 
7 3 at reasons of precision. The 5 cm. stage 
13 ot BU would be about equivalent to the 4 cm. 
144g +“ ve Ist pregnancy. stage. 
16 (a3 a3 
ihrg 73 cc 
99 a3 a3 


During lactation. 
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The material was, in practically all cases, fixed in Flemming’s fluid 
and stained with Heidenhain’s iron hematoxylin with a counter stain 
of Saurefuchsin, Orange G. or Bordeaux red. Sections were cut to a 
thickness of 6% y or in a few cases 10 # and were mounted in series. 
It was, of course, necessary in all cases to section the anterior part of 
the mesonephros together with the sex gland itself. 

An account of the earler literature upon this subject would be use- 
less repetition, since we have such valuable and extensive reviews as 
those ven by Waldeyer, 70 and 02, Born, 94, Coert, 98, Winiwarter, 
oo, Bouin, oo, Mihalkovics, 85. In the general summary reference 
will be made to some of the more recent and important works bear- 
ing upon these problems; but no attempt will be made to attain com- 
pleteness in a consideration of the earlier literature, a very large part 
of which is of merely historical value. 


II. GENERAL TOPOGRAPHY. 


The orientation of the various organs to be considered may be well 
understood from a study of the pig embryo of 2.5 em. length (Text 
Ries deand Plate. I, Fie. 1). The 
mesonephra are a pair of elongated 
laterally compressed bodies attached to 
the dorsal body wall on each side of the 
mesentery. Their long axes diverge 
anteriorly and converge posteriorly. 
They are prominent structures, extend- 
ing three-fourths of the length of the 
abdominal cavity, being closely united 
to the dorso-median part of its wall by 
their short, broad mesenteries. Each 
mesonephros is flattened on its median 
face while the lateral face is convex. 
A sharp ridge extending the entire 
length of the medio-ventral face marks 4 Pi9:,,).,, MesonePnres ane ae lonwan 


“e a.r.,adrenal body; e. p., epithelial plate; 
fe course of the Wolfiam ands Mil-) “77 P ccantericudge: rr. rete ridge: 


leriam ducts, ihe latter being yentral.to < teste: W-4e, Wolhan and Mollertan 


the former. The genital ridge is situ- 

ated on the median surface of the mesonephros and extends its entire 
length immediately ventral to the mesentery. It is covered by a thick- 
ened layer of epithelium continuous with the general peritoneal lining 
of the abdominal cavity, yet differing from it in that its component 
cells are columnar instead of flattened, and are closely crowded together. 
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Three distinct regions may be distinguished in this genital ridge, 
each of which occupies, roughly speaking, one-third of its length. 
Named in their order, they are: (1) the rete; (2) the sex gland; (3) 
the mesenteric ridge. 

The anterior end of the rete is a low plate of thickened epithelium 
in which lies the opening of the Miillerian duct. Posterior to this 
plate, the rete assumes the form of a slender, low ridge that termin- 
ates at the anterior end of the sex gland. 

In both male and female of this stage, the sex gland is cylindrical, 
and rounded at both ends. It projects well into the body cavity, being 
united to the mesonephros along its entire length by a relatively narrow 
mesentery. 

For the posterior third of the genital ridge I suggest the term 
mesenteric ridge. This diminishes in height from its anterior to its 
posterior end, which grades off into the general peritoneal covering 
of the mesonephros. 

A transverse section of the epithelial plate in which the Miillerian 
duct takes its origin, shows it to be similar to that investing the 
remainder of the genital ridge. At the dorsal edge of the plate are 
seen more or less solid invaginations, the rete cords, while the opening 
of the Miillerian duct is situated in the ventral part. It appears as a 
hollow invagination clothed with cells much like those of the epithelial 
plate, from which they are undoubtedly derived, as can be easily seen 
from a study of earlier stages. 

The rete consists of a series of cords embedded in a loose stroma. 
Their proximal ends are directly continuous with the peritoneum 
while their distal extremities lie deep in the stroma, in some cases 
reaching to the Malpighian corpuscles with which they are frequently 
in direct contact. 

The rete cords penetrate into the sex gland a short distance behind 
its anterior end. This point, termed the hilum, is morphologically the 
anterior end of the sex gland, although it appears to be situated more 
posteriorly in the testis, owing to a secondary flexure of that organ. 
The ovary, on the other hand, retains the primitive condition in this 
regard. 

At this stage the ovary and testis can be readily distinguished, 
although they contain essentially the same structures, viz: Sex cords, 
albuginea and germinal epithelium. (1) The sex cords of the testis 
develop into the seminiferous tubules which, at this stage, appear as 
long contorted anastomosing and branching cords of cells. Their homo- 
logues in the ovary are termed the medullary cords. These have all 
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the essential characters of the seminiferous tubules save for the fact 
that they are by no means so well-developed nor so extensive as those 
structures. (2) A zone of connective tissue separates the sex cords 
from the peripheral peritoneal investment of the sex glands. It is 
compact in the testis, while in the ovary it is loose, broad and irregular 
in outline, forming only an incomplete barrier between the peritoneum 
and medullary cords. In both ovary and testis this peripheral con- 
nective tissue zone is continuous with masses of loose connective tissue 
(stroma) packed in between the sex cords. I shall refer to it as the 
albuginea in both testis and ovary, although that term is usually ap- 
plied to it in the testis alone. (3) The peritoneal layer is thin in the 
testis and its component cells are flattened. Quite a different condi- 
tion prevails in the ovary where it is decidedly thickened and is seen to 
be giving off cords of cells from its inner edge. These are the so-called 
ege-tubes of Pfliiger. They are in some instances continuous with 
the medullary cords, although such cases are rather rare, the two sets 
of structures being usually distinctly separated by the albuginea. 

The posterior third of the genital ridge (mesenteric ridge) need not 
be considered further save to note that it becomes more elevated in 
later stages and takes on a more decided mesenteric character. 

In the mesonephros there soon appear processes of degeneration 
that bring about decided changes. Even in the embryo 3.5 cm. in 
length there is seen a commencement of degeneration in certain tubules 
in its anterior portion. This process continues during succeeding stages, 
chiefly affecting the Malpighian corpuscles, but sparing from 10 to 12 
of the tubules destined to form the rete efferentia of the testis, but 
which later degenerate in the female. To such an extent has this de- 
generation process been carried on in the 10 em. embryo that the por- 
tion of the mesonephros lying anterior to the hilum is shrunken and 
the investing peritoneum thrown into wrinkles. Degeneration of the 
portion posterior to the hilum has just begun at this stage. In the 
female, the shrinkage of the anterior part of the mesonephros has 
caused the anterior ends of the Miillerian and Wolffian ducts to be 
bent over the ovary in a dorsal direction to such a degree that sec- 
tions through this region show these ducts to be cut through twice 
(Fig. 3). After this, the degeneration process rapidly reduces the meso- 
nephros, until, in the 20 em. embryo, it consists of little more than a 
mere mass of connective tissue containing a few scattered glomertli 
and uriniferous tubules, the vasa efferentia in the testis alone being 
spared. 
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Ill. OBSERVATIONS UPON SUCCESSIVE STAGES OF DEVELOPMENT 
iN VRE PalG: 


0.7 cm. Embryo.—The mesonephros is covered by a more or less dis- 
tinct peritoneal layer, which is not clearly differentiated from the 
stroma, except in the dorsal and lateral portions, but becomes increas- 
ingly distinct on the medio-ventral surface, where the genital ridge 
later takes its origi. ‘The transition is, however, a very gradual one 
and the differences slight. There is a rather loose vascular mesen- 
chyme tissue that fills in the space between the peritoneum on the one 
hand and the Malpighian corpuscles and mesonephric tubules on the 
other. 

The cells of both the peritoneum and 
underlying mesenchyme do not have de- 
finite boundaries, appearing in this, and 
in later stages as well, to form a 
continuous protoplasmic network, to 
which the nuclei give character by their 
more or less definite arrangement. A 
region of the peritoneum extending from 
the base of the mesentery one-third the 

_ distance to the Wolffian duct is of par- 
ticular importance, since it is the rudi- 
ment from which the genital ridge takes 

. its origin (Text Fig. 2 and Plate I, Fig. 

sonephnFos and associated structures 3). A point about opposite the twen- 
dorsal aorta; y., glomerulus; i. m. tieth glomerulus marks the boundary 

m: f, mesenteric fandament; Le between the future sex gland and the rete. 

Wd, Wolttan duet oot: @>4les =~ sIn the region of the genital ridge 

(Plate I, Fig. 3), as defined above, 
the greater part of the nuclei are of various shapes and sizes and stain 
rather deeply with hematoxylin. The nuclei of the peritoneum are 
closely packed together and are usually elongated by mutual pres- 
sure. They rest upon a loose felt-like basement membrane, which is 
formed by the interlacing of numerous slender branching protoplasmic 
fibrils given off by both the peritoneal and stroma cells. The peri- 
toneal origin of the stroma is clearly indicated at many points where 
mutual pressure of the peritoneal cells is crowding them through the 
basement membrane, which has, in fact, disappeared at such spots 
as a result of this process. The positions and angles of inclination 
of the columnar nuclei give satisfactory evidence on this point. The 

presence of numerous mitotic figures in the peritoneum indicates a 
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rapid multiplication of its cells. On the other hand the stroma cells 
divide with far less frequency. 

As might be expected from the above, the stroma cells are 
practically identical with the peritoneal cells from which they are 
originating. In general their nuclei tend to assume a more rounded 
shape. 

Here and there in both peritoneum and stroma one finds cells quite 
different from those described above. These have clearly marked 
boundaries, lightly staining cytoplasm, a centrosphere and a centro- 
some. The large, round nucleus contains prominent nucleoli, usually 
two in number, and also a chromatin network of slender strands quite 
different in appearance from the rather granular irregular chromatin 
masses of the peritoneal and stroma nuclei. These primitive ova are 
so rare that one must hunt through as many as seven or eight sections 
in order to find one. They divide by mitosis, as a result of which 
division they are found to occur in small groups. 

The inner boundary of the mesenchymal portion of the sex gland 
rudiment is formed by the capsules of the Malpighian corpuscles. The 
component cells of the capsules resemble those of the stroma in their 
lack of definite boundaries and in the character of their nuclei, being 
distinguished from the latter chiefly by the darker color of their cyto- 
plasm. 

The rudiment of the rete (Plate I, Fig. 2) is essentially like the sex 
gland rudiment save for the fact that the basement membrane of the 
peritoneum is somewhat less distinct in the former than in the latter 
and the primitive ova are not quite so numerous; these differences are 
probably due to the fact that the tissue of the sex gland rudiment is 
more dense than that of the rete rudiment. 

0.8 cm. Embryo—tIn this stage, the mesonephros is found to have 
almost doubled in size; for this reason there has been little thickening 
of the rete and sex gland rudiments. The number of primitive ova 
has greatly increased and many clear cases of mitosis are found among 
them. ‘The basement membrane of the peritoneal layer has become 
roore clearly defined in both rete and sex gland rudiments, yet it is 
still broken in spots where cells are being proliferated into the under- 
lying stroma, sometimes forming chains of two, three or four cells. 

1.0 cm. Embryo—The mesonephros has become half again as broad 
in this stage as in the preceding one, and has also increased in the 
dorso-ventral dimension. 

The rete rudiment has not grown in thickness, yet the peritoneal 
cells are seen to be rapidly dividing by mitosis. This results in a 
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crowding which in some places is so great as to bring about the for- 
mation of actual peritoneal invaginations which extend into the 
stroma and frequently come in contact with the attenuated capsules of 
Bowman. 

Peritoneal invaginations arising in the sex gland rudiment (com- 
pare Plate II, Figs. 5 and 6) by the same process of crowding are 
more diffuse, and more numerous than in the rete. Another dif- 
ference between these two regions of the genital ridge is found in the 
fact that the sex gland invaginations do not in any case reach as deep 
as the capsules of Bowman, the stroma being thicker in this region 
than in the rete rudiment. 

In many cases the stroma cells are assuming the character of con- 
nective tissue. Primitive sex cells are present in the peritoneum 
and in the peritoneal invaginations and stroma of both rete and sex 
gland rudiments. Their number has increased in the sex gland rudi- 
ment, while they have shown little or no numerical increase in the 
rete region. — 

1.25 cm. Embryo.—Although the rete rudiment has increased but 
little in thickness, the peritoneal invaginations of the rete region, which 
may now be termed rete tubules, are much further developed than in the 
preceding stage. The sex gland rudiment, on the other hand, has in- 
creased greatly in thickness. Its peritoneal invaginations (sex cords) 
have also increased in length and in number. Their nature can be best 
understood by referring to Plate II, Fig. 5. In this and in later stages 
the nuclei are still attached to the basement membrane which is in 
fact formed, as we have seen, from protoplasmic processes connected 
with them. So closely are the sex cords placed that there are very 
few stroma cells between them. No clear cases of such are seen in 
this figure. Such, however, are present and form in part the rudi- 
ment of the intertubular stroma so prominent in later stages. There 
is no doubt that this stroma from time to time receives additions from 
cells which pass through the investing membrana propria of the sex 
cords. . 

The sex cords are tubular invaginations of the peritoneum and their 
membrana propria are accompanying infoldings of the basement mem- 
brane as seen in earlier stages (Plate I, Fig. 4 and Plate II, Fig. 5). 
The sex cord nuclei are connected with the membrana propria by fine 
fibrils which apparently hold them in position. 

In its earliest stage, this is a true process of invagination, but in 
the later stages it is only apparent because of the fact that the sex 
cords grow at their points of attachment to the peritoneum (centrifu- 
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gal growth). Without doubt the sex cords are homodynamous with 
*the rete tubules. 

1.4 cm. Embryo—The nuclei of the peritoneum covering the rete 
are more numerous than in the preceding stage, being even more 
closely crowded. This has resulted in a further increase in the num- 
ber of rete cords. Primitive ova may or may not occur in any given 
rete cord (Plate II, Fig. 6), there being apparently no regularity in 
this matter. 

Immediately ventral to the peritoneum of both rete and sex gland 
there is a thickened area of stroma to which addition is constantly 
being made by proliferation from the peritoneum. This thickening 
is of no especial importance in the rete, but in the sex gland it, to- 
gether with a similar but less important area dorsal to the sex gland, 
furnishes the connective tissue that goes to form the mesentery. The 
peritoneal nuclei of these mesenteric rudiments (Plate II, Fig. Meare 
cylindrical, with their long axes perpendicular to the long axis of the 
sex gland. 

The rudiment of the sex gland shows very little advance over the 
preceding stage in point of structure. There has been a continued 
growth of the sex cords, ‘resulting in such a thickening of the sex 
gland rudiment as to cause it to appear hemispherical in cross-sec- 
tion (Text Fig. 2). As in the previous stage, the peripheral layer of 
cells is not marked off from the underlying sex cords attached to it 
because of the fact that it is still adding to the latter by rapid pro- 
liferation. 

The capillary blood-vessels and stroma cells already noted are quite 
evident in the interspaces between the sex cords. Here and there the 
walls of these capillaries show spindle-shaped nuclei which are far 
more attenuated than are the stroma cells. The latter are most 
numerous at the distal (inner) ends of the sex cords where they form 
a loose layer separated from the capsules of Bowman by a layer of 
attenuated, deeply-staining connective tissue cells which have their 
origin in the mesenteric fundaments already described. Posteriorly 
the sex gland gradually shades off into the mesenteric ridge, the sex 
cords becoming fainter and fainter and the primitive sex cells decreas- 
ing in number. The last named are found to occur almost at the 
posterior extremity of the mesonephros, where the genital ridge exists 
only as a strip of tissue along which the peritoneum and underlying 
stroma -are thicker and denser than ordinary. There is an equally 
gradual transition: from the sex gland to the rete. In following the 
sex gland into the rete region, the first sign of transition from the 
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former to the latter is noted in the nearer approach of the peritoneal 
invaginations to the capsules of Bowman. ‘They become less crowded 
and the genital ridge decreases in height. 

1.5 and 1.6 cm. Embryos.—The sex gland increases in volume to such 
an extent that in the 1.6 cm. stage it appears circular in cross-section. It 
is attached to the mesonephros by its mesentery which is now much nar- 
rower than thé sex gland. The latter appears to have been constricted 
off from the surface of the mesonephros by lateral furrows. This, how- 
ever, is not the case, because measurements show the mesentery to be as 
broad as the base of the sex gland of the 1.4 cm. stage. The constriction 
is apparent, not real. In reality the centrifugal growth of the sex 
cords has caused the sex gland to expand on all sides until it is now 
cylindrical in shape, instead of appearing as a slight elevation above 
the surface of the mesonephros as in preceding stages. 

The sex cords are becoming longer and more contorted. Together 
with the growth in extent they become more clearly defined. The in- 
crease in the surface of the peritoneum caused by the expansion of 
the organ has not been accompanied by the formation of new cords, 
hence space is left in which many sex cords become arranged parallel 
to and immediately beneath it. 

There appears the beginning of a most important process by which 
the sex cords become separated from the peritoneum through the de- 
velopment of the albuginea (Plate III, Fig. 8). The nuclei of the cords 
at their points of attachment to the peripheral cell layer (peritoneum) 
begin to elongate and in many cases to assume the appearance of con- 
nective tissue nuclei, while their cytoplasm is drawn out into slender 
strands that stretch across the necks of the sex cords. At the same time, 
a basement membrane is forming beneath the peritoneum dividing it 
from the elongated cells just described. 

The mesentery is composed of cells derived from the dorsal and 
ventral mesentery fundaments, their rather irregular arrangement 
being disturbed by the ingrowth of a number of blood-vessels. 

At this stage appears the peritoneal invagination that forms the 
Miillerian duct. It arises in the ventral part of a plate of thickened 
epithelium which forms the anterior end of the genital ridge. Ex- 
actly similar invaginations forming the most anterior rete tubules 
arise in the same epithelial plate immediately dorsal to this rudiment 
of the Miillerian duct. From the foregoing it seems fair to assume 
that the Miillerian duct is homodynamous with the rete tubules and 
sex cords. 

1.7 cm. Embryo.—In this stage the sex cords become completely 
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separated from the peritoneum (Plate III, Fig. 9). As we saw above, 
this was foreshadowed in the 1.6 cm. stage by the transformation of 
the basal nuclei of the sex cords into elongated connective tissue ele- 
ments. They remain attached to the membrana propria, which in almost 
all cases becomes ruptured and allows them to he free between the 
peritoneum and the intact inner portions of the sex cords. They now 
form a connective tissue layer (albuginea) separating the sex cords from 
the peritoneum. Here and there one can see a sex cord that still re- 
mains attached to the peritoneum, and it is not at all difficult to find 
portions of the membrana propria to which a number of the connective 
tissue cells are still attached. The basement membrane shown in the 
preceding stage to be forming at the places where these sex cords are 
breaking away, has become completely formed except at a few points 
where the sex cords are still attached. The connective tissue nuclei 
formed in the manner above described are very similar to the mesenteric 
nuclei. This fact has led many to claim that the albuginea is composed 
of nuclei that immigrate from the mesenteric fundaments. We cannot 
hold this view in the face of the facts above noted. Further substantia- 
tion of the view of development in situ is furnished by the fact that 
nuclei exactly like those forming the albuginea are found in the peri- 
toneum, being no doubt formed by the same process that produced 
the albuginea tissue. 

The two sexes cannot be clearly distinguished from one another 
at this stage, the process above outlined taking place in both ovary 
and testis. The separation of medullary cords is, however, not quite 
so complete in the ovary as in the testis, yet this can hardly serve to 
sharply distinguish the sexes at the stage now under consideration. 

The rete strands are quite well developed at this period, being long 
and somewhat contorted (see Plate IV, Fig 11). They usually take a 
course more or less nearly parallel to the peritoneum to which they 
still remain attached at their points of origin. In general, they grow 
posteriorly, those found at the posterior end of the rete regions ex- 
tending into the anterior part of the sex gland. Along their course 
they frequently touch the capsules of Bowman, some of them growing 
straight inward from the peritoneum in such a manner that their 
tips come directly in contact with the Malpighian corpuscles, thus ap- 
pearing to form, in some cases, a part of their epithelial walls. This 
closeness of union is frequently sufficient to deceive one into consid- 
ering them to take their origin from the capsules of Bowman. 

At the boundary between sex gland and rete there is a transition 
area in which the peritoneum becomes considerably thickened. Pos- 
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terior to this it is found to send numerous short projections into the 
underlying stroma, and further back, these assume the character of 
closely-crowded sex cords. At this place the rete tubules are few in 
number and arise exclusively along a line very close to the mesentery. 
They can be distinguished from,ysex cords only by their isolation and 
by their greater length. 

In general the rete tubules are made up largely of cells without 
definite boundaries and in all other regards like those of the perito- 
neum from which they originate. Only occasionally does one find a 
primitive sex cell. 

1.8 cm. Embryo.—Sexual differentiation is not yet clearly estab- 
lished, although, in a vague way, the general distinctions mentioned 
in connection with the 1.7 cm. stage are to be taken as criteria. 

The sex cords stand out in greater contrast to the stroma owing to 
the fact that the cytoplasm of the component cells is much denser 
than in the preceding stages (Plate IV, Fig. 12). In some places these 
cords show a central lumen. This is not due to any regular process 
of lumen formation, but has ‘significance only in showing that there 
is in each sex cord a line of weakness or rudimentary lumen which 
owes its existence to the fact that these cords originated by a process 
of invagination of the peritoneum. 

Exclusive of the primitive sex cells, there are two extreme types of 
nuclei common to the sex cords, intercordal stroma and albuginea. 
Those of the one kind are small and elongated, taking a deep diffuse 
stain (Plate IV, Fig. 12). The nuclei of the other type are larger, 
clearer and more rounded. There are all intermediate forms between 
these two extremes. The larger nuclei predominate in the perito- 
neum, the smaller variety characterize the albuginea, while the two 
kinds appear in about equal number in the sex cords and in the 
intercordal stroma. The marked similarity between the nuclei of 
the sex cords and stroma is not surprising when one considers the fact 
of their common origin. In the sex cords we shall term these the germin- 
ative cells in contradistinction to the primitive sex cells. Transition 
forms are found to unite the two distinct types of cells, thus showing 
that certain of the germinative cells are being transformed into primi- 
tive sex cells. The medium-sized germinative cells are probably the 
most primitive; these form the sex cells on the one hand and on the 
other the connective tissue cells. It is interesting to note that the 
nuclei of many germinative cells are dividing by amitosis. 

The germinal epithelium of the sex gland of the 1.8 cm. embryo 
does not contain any primitive sex cells clearly differentiated as such. 


Bennet Mills Allen 101 


It is significant to note that one finds here certain transition forms 
which link the usual type of peritoneal cells with the primitive sex 
cells found in the sex cords. In some cases these transition nuclei 
show much the same characters as regards chromatin and nucleolus 
as do the nuclei of the primitive sex cells, yet they differ in shape and 
size. It should be noted, in this connection, that the peritoneal layer 
is almost completely separated from the sex cords by the albuginea. 

There are numbers of spherules of fat in the peritoneum covering 
the sex gland. These evidently indicate a process of fatty degenera- 
tion that seems to attack the cytoplasm of the cells and later to de- 
stroy a few of the nuclei, resulting in giving to the peritoneum a 
ragged appearance, there being large gaps where the cells have been 
destroyed. 

2.5 cm. Embryo.—Sex differentiation is very strikingly shown in 
this most important stage. In the testis the albuginea has become 
thicker and denser than in the preceding stage. At the same time, 
the peritoneum has become flattened and is definitely separated from 
the albuginea by a distinct basal membrane. It contains no primi- 
tive sex cells. The peritoneal covering (germinal epithelium) of the 
ovary has become thickened and has even begun to send a few slender 
cords of cells into the loose underlying albuginea. These are the 
cords of Pfliger. They are, in many cases, loosely connected with the 
ovarian sex cords which we shall hereafter designate as medullary 
cords. 

The process of fatty degeneration noted in the peritoneum of the 
preceding stage is still taking place in both ovary and testis, and has 
even extended to the sex cords in which large numbers of fat spherules 
appear. These cccur almost exclusively in the syncytial cytoplasm 
of the germinative cells. They are most numerous in the portion of 
the sex cords furthest from the mesentery. Their fatty nature seems 
pretty evident from the fact that they are stained black by osmic acid 
and also from the spherical form that they assume. 

The medullary cords are quite shrunken, being in most part clumped 
together in an irregular mass lying near to the mesentery. Cell de- 
generation occurring in them is not balanced by sufficiently rapid cell 
division. The primitive sex cells are surrounded by the undifferen- 
tiated cells that we have been terming germinative cells. This term, 
however, should henceforth be applied strictly to these cells in the 
seminifetous tubules alone. All resemblance to a tubular condition 
is lost, the medullary cords appearing in the form of masses of cells 
with no evidence of a very regular arrangement. 
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Numerous stroma cells are found to have become highly modified. 
The cytoplasmic portions increase in amount, becoming clearly marked 
off from surrounding cells, a centrosphere and centrosome appear, 
and the nucleus becomes rounded, while its chromatin network stains 
deeply. In general they assume a certain resemblance to primitive 
sex cells, yet the nucleus shows marked differences in its smaller size 
and more deeply-staining chromatin network. They differ also in the 
fact that their cytoplasm becomes granular and in later stages con- 
tains droplets of fat. These modified stroma elements are the inter- 
stitial cells. They are very numerous in the testis and very rare in 
the ovary. In both sex glands they divide by mitosis. A large por- 
tion of the stroma nuclei do not undergo this transformation into 
interstitial cells, but become elongated and take on the character of 
connective tissue. In all probability these are the cells whose nuclei 
were smallest in the preceding stage where a difference in size and 
appearance of the stroma nuclei was noted. Particular stress should 
be laid upon the fact that the interstitial cells appear contemporane- 
ously with the process of fatty degeneration in the sex cords and that 
they show points of resemblance to the primitive sex cells. The latter 
point is particularly significant in view of the fact that in the 1.8 cm. 
embryo the nuclei of the stroma were to all appearances similar to 
those of the germinative cells of the sex cords which were in some 
cases developing into primitive sex cells. This would lead to some very 
attractive hypotheses; but one should be cautious about drawing hasty 
conclusions from such points of mere resemblance. 

3 cm. Hmbryo.—There are no essential differences between the rete 
of ovary and testis. The rete cords are still being formed, their points 
of connection with the peritoneum persisting along the entire length 
of the rete rudiment in both sexes. Another point common to both 
sexes 1s the degeneration of certain Malpighian corpuscles of the an- 
terior part of the mesonephros. Those lying nearest to the rete cords 
are especially affected, suffering a decrease in size and a consolidation 
of the capillaries contained in them. 

Primitive sex cells are being formed in the rete cords from the 
syncytial cells that have retained the primitive character exhibited by 
the peritoneal cells, from which these cords arise. This development 
of undifferentiated peritoneal derivatives to form primitive sex cells 
is probably homologous with the process by which the germinative 
cells of the seminiferous tubules of the testis and the cells of 
the cords of Pfliiger of the ovary are being transformed into 
primitive sex cells. The sudden impulse to renewed activity in the 
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formation of these cells apparently affects both rete and sex gland at 
the same time. It is barely possible that the presence of fatty 
spherules so evident in the 2.5 cm. stage may be in some manner cor- 
related with the active formation of primitive sex cells in the seminife- 
rous tubules, cords of Pfliiger and rete cords, all of which structures 
have been shown to be homodynamous. Such a hypothesis would, how- 
ever, require more evidence for its proof than we have yet found. 

The fat globules so numerous in the sex gland of the 2.5 cm. em- 
bryo have almost entirely disappeared from all save the interstitial 
cells of the testis, in the fat globules of these there has been an increase 
which may or may not be correlated with their disappearance in the 
seminiferous tubules. Whatever loss of cells may have taken place in 
the seminiferous tubules at the preceding stage has been compensated for 
by a process of rapid cell division. This, together with the transfor- 
mation of germinative cells, has resulted in a decided increase in the 
number of primitive sex cells. 

The peritoneum of the testis has become still further flattened, and 
its fatty spherules have almost wholly disappeared. 

The albuginea nuclei have become more attenuated than in pre- 
vious stages, yet they do not differ essentially from certain other con- 
nective tissue elements of the stroma, many of the more attenuated 
of which are seen to become applied to the membrana propria of the 
seminiferous tubules in such a manner as to form thin connective 
tissue sheaths. 

The interstitial cells are an extremely important constituent of the 
testis, occupying the interspaces between the seminiferous tubules 
(see Plate IV, Fig. 13). In the ovary, on the other hand, they are 
very sparse. In the place of them one finds great masses of loose 
connective tissue, filling the interspaces between the other ovarian 
tissues. 

3.5 cm. Embryo.—This stage will be noted chiefly to record the reduc- 
tion in the cytoplasm of the interstitial cells of the ovary. Not only 
has the cytoplasm of these sparse cells become shrunken, but the cen- 
trosome and centrosphere have almost disappeared. Both primitive 
sex cells and follicle cells of the medullary cords are suffering exten- 
sive degeneration. This continued process of degeneration is even 
more marked in the cortex and cords of Pfliiger, which are now just 
beginning to assume importance. 

4 cm. Embryo—tThere is an interesting process of karvolytic de- 
generation that appears in the rete cords of this stage. The chro- 
matin of the nuclei so affected gathers together in a rounded solid 
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mass which is finally set free in the cytoplasm by the rupture of the 
nuclear wall. It now breaks up into irregular fragments which finally 
become more or less rounded and eventually disappear. Here and 
there one finds nuclei of the seminiferous tubules and cords of Pfliiger 
which degenerate in the same manner. This process takes place very 
extensively in later embryonic stages. 

In both sexes the rete cords along at least three-fourths of the 
length of the rete region have become separated from the peritoneum 
by a layer of stroma. It was impossible to determine whether this 
process is analogous to the separation of the sex cords from the peri- 
toneum covering the sex gland. ‘ 

Attention has already been called to the degeneration of certain 
Malpighian corpuscles of the anterior end of the mesonephros in the 
3 cm. stage. In the particular specimen’ now under consideration 
(4 cm. embryo) this process has continued, affecting eight of the most 
anterior corpuscles. The remaining ten or twelve corpuscles between 
the degenerate ones and the hilum of the testis are, as a whole, quite 
normal. Certain of the more peripheral of these intact Malpighian 
corpuscles send out short evaginations that come in contact with cor- 
responding processes from the mass of rete cords and fuse with them 
(Plate V, Fig. 15). In this manner preparation is made for the estab- 
lishment of a subsequent connection between the mesonephric tubules 
and the rete cords. Connection is also no doubt established without 
the aid of these evaginations in cases where the rete tubules press 
tightly against the capsules of Bowman. The number of the above 
described evaginations arising from each Malpighian corpuscle varies 
decidedly. In many cases there are none at all; in others there are 
as many as three. 

Smaller evaginations from the capsules of Bowman were found in 
a 3 cm. embryo. 

5.7 cm. Embryo. Ovary.—One is struck by the very close resem- 
blance between the medullary cords and the cords of Pfliiger. They 
are practically identical, position alone serving to distinguish them. 
The medullary cords (Plate III, Fig. 10) lie in the central axis of the 
sex gland, separated by a zone of connective tissue from the cords 
of Pfliiger which project inwards from the peritoneum. Both ele- 
ments are in large part composed of primitive sex cells—in fact there 
are but few small, deeply-staining nuclei which may be identified as 
those of rudimentary granulosa cells. The latter have no well-defined 
limits, being in every regard similar to the cells of the peritoneal layer 
from which the cords of Pfliiger arise. 
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Fatty degeneration has almost ceased in the medullary cords and 
cords of Pfliiger. 

7.5 cm. Hmbryo. Ovary.—A few of the -2x cells cf the cords of 
Pfliiger have undoubtedly developed into the condition of odcytes 
because of the fact that their chromatin threads have taken on the 
synapsis form described by Winiwarter, 00, in the rabbit. Corres- 
ponding synaptic stages are also found in the medullary cords, thus 
bringing out the close homology of the two structures. 

The cords of Pfliiger have become elongated and have at the same 
time branched and anastomosed to form a network in a manner quite 
like that of the seminiferous tubules in the testis. The resemblance 
is still further heightened by the fact that the cords of Pfliiger are 
invested with a connective tissue layer formed by attenuated con- 
nective tissue cells of the stroma. The same is true of the medullary 
cords. 

We might homologize these three structures by considering the 
seminiferous tubules and medullary cords as exactly homologous struc- 
tures, while the cords of Pfliiger constitute a second series of invagina- 
tions in all respects homologous with the medullary cords save as re- 
gards the time of origin. 

TrEstis.—The structure of the testis is essentially the same as in 
earlier stages. ‘There has been a progressive increase in the extent of 
the system of seminiferous tubules, which has been brought about by 
the continued growth and branching of those already laid down pre- 
vious to their separation from the peritoneum (1.7 cm. embryo). The 
nuclei of the germinative cells are attached to the basement mem- 
brane by strands denser than the surrounding cytoplasm. ‘This rela- 
tion to the basement membrane is exactly similar to that of the peri- 
toneal cells in the earliest stages (0.7 cm. embryo). The primitive 
sex cells are increasing in number by two processes, namely: (1) 
division by mitosis of those already present in earlier stages; (2) trans- 
formation of germinative cells into sex cells. All stages in this trans- 
formation process can be noted, any transverse section of the testis at 
this stage (Plate IV, Fig. 14) showing a complete series of transition 
forms. The same may be seen in embryos earlier and later than this, 
namely, from 3 cm. to 13 em. in length. Primitive sex cells occur in 
the rete cords of both male and female, those of the male being ap- 
parently in the same stage of development as are those of the semin- 
iferous tubules. This is not true in the female at this stage, owing 
to the fact that the primitive sex cells of the cords of Pfliiger and 
medullary cords have developed precociously, outstripping those of 


the rete ovarii. 
9 


106 Embryonic Development of Ovary and Testis of Mammals 


8.5 to 10 cm. Embryo.—Up to the stage when the embryo is 8.5 em. in 
length, the rete cords extend but a short distance straight in from the 
hilum in the case of both ovary and testis, and are similar in both 
sexes, the primitive sex cells of the rete ovarii becoming larger than 
those of the rete testis. 

The embryo of 10 em. length shows the rete testis to have rapidly 
developed an axial core of loose connective tissue that fills in the space 
central to the free tips of the radially directed seminiferous tubules. 
In the female, on the other hand, the rete ovarii extends no further 
into the ovary than in the preceding stages, remaining in contact with 
the anterior end of the irregular mass of medullary cords. The rete 
ovarii and rete testis now follow different courses of development. 

138 cm. Embryo. Maur.—The cords of the rete testis have in 
most cases undergone a process of lumen formation. This is brought 
about by the drawing apart of the cells from the axis of the cords. 
As already shown, these rete cells are attached to the ensheathirg 
membrana propria, hence the lumen is formed by a very simple pro- 
cess by which they are made to separate along the line of greatest 
weakness (axis of cord). These rete tubules branch and anastomose 
quite like the seminiferous tubules. Their homology to the latter is 
still more clearly shown by the great similarity in the component cells 
of the two structures. 

The rete tubules contain a few primitive sex cells (Plate VI, Fig. 21) 
exactly like those found in the seminiferous tubules. These are 
nothing new, as we have seen them to occur in the rete tubules of the 
very earliest stages. Another point of similarity is found in the char- 
acter of the epithelial cells of the rete tubules which are in every 
regard similar to the germinative cells of the seminiferous tubules. 
Transition forms between epithelial cells and primitive sex cells do 
not exist in the former, while they are quite plentiful in the latter. 

The rete tubules send out side branches (tubuli recti) that fuse with 
the inner ends of the seminiferous tubules. In this manner one rete 
tubule may come into direct connection with a large number of semin- 
iferous tubules. In one section, a rete tubule was seen to send out 
four tubuli recti connecting with as many seminiferous tubules. The 
point of junction of tubulus rectus and seminiferous tubule (Plate V, 
Fig. 18) is easily recognized by the difference in diameter of the two 
elements, by the difference in arrangement of their component cells 
and by the presence of a lumen in the rete tubules as contrasted with 
the absence of such in the seminiferous tubules. In cases where con- 
nection has not been completely established between these two struc- 
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tures, the point of junction is marked by the persistence of the base- 
ment membrane of tubulus rectus and seminiferous tubule. These 
membranes are soon absorbed and the two structures are in direct con- 
tinuity with one another. 

FrmaLe.—-The primitive sex cells are found in all parts of the rete 
ovarli, yet their distribution is in no sense uniform. The intra- 
ovarian portion contains great numbers of primitive sex cells, which 
show a close resemblance to those found in certain regions of the 
cords of Pfliiger. Associated with these sex cells of the rete are other 
and smaller cells which are practically identical with certain cells of 
the cords of Pfliiger destined to form the granulosa of the Graafian 
follicles. 

As stated above, the primitive sex 
cells are not by any means confined to 
the intra-ovarian portion of the rete 
tissue, yet their number in the por- 
tion of the rete lying within the me- 
sonephros is found to become less and 
less as the distance from the ovary 
increases. The same principle holds 
true in the male. 

The medullary cords are greatly re- 
duced (Text Fig. 3), consisting of 
clumps of cells containing sex cells in 
various stages of development, the 
most advanced being large odcytes 
with a well-formed layer of granulosa 


cells. Such young follicles are Yrare Fig. 3. Transverse section of ovary 


: and mesonephric structures of pig em- 
and isolated. bryo. Length 13 cm. c., cortex; h. p., 


= = hollow cord of Pfliger; m., medulla; m. 
The innermost ends of the cords of Go ouiodullane Cond. Wed. Millosinn 


Eineer are; pemen broken up douorm: Wo)" weimerqucee wo 
follicles. These follicles are young, 

each consisting of a large odcyte and a single layer of granulosa cells. 
The odcytes almost invariably contain numbers of fat globules situated 
in their cytoplasm and especially numerous about the centrosphere, 
where they appear to congregate, eventually combining to form a single 
large mass. This appears to be without doubt a process of degeneration, 
leaving clumps of granulosa cells which persist for some time after the 
oocytes have disappeared. Not only are these oldest sex cells being 
destroyed by fatty degeneration, but there is an independent process of 
karyolysis which destroys great numbers of younger sex cells. In addi- 
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tion to these two processes is that by which the fine chromatin threads 
in the nuclei of the odcytes at the synapsis stage of their development 
frequently break down into a powder-like mass of very fine granules. 
This is no doubt another process of degeneration. 

On the side of the ovary facing the mesonephros, there are a num- 
ber of invaginations of the peritoneum (Text Fig. 3). These often 
appear as hollow tubules that extend for some distance into the 
ovary. At points along their extent they are found to be solid, their 
cells being similar to those of the cords of Pfliiger. In fact they are 
to be interpreted as such. Transition regions are found in which the 
peritoneal lining of these hollow tubules is found to contain a greater 
and greater percentage of primitive sex cells (Plate VII, Fig. 25) 
up to the condition of the solid portions of the tubules where the 
lumen is entirely obliterated by the enlargement of the Genero! 
cells to form primitive sex cells. 

15 cm. Embryo. Frmatr.—tn this stage the above described hol- 
low egg-tubes of Pfliiger, while still most common around the hilum, 
are also found in the region of the cortex furthest from the mesen- 
tery. They penetrate more deeply into the tissue of the ovary than 
in the preceding stage, some of them extending into its very center, 
where they could be readily mistaken for’ rete tubules by persons who 
might have studied these structures in cther forms, such as the cat. 
There is no mistaking their identity, however, because they bear no 
resemblance to the true rete tubules and because they were readily 
followed through the series to their poimt of union with the peri- 
toneum. ‘These invaginations may arise either from deep grooves or 
from the smoother surface of the peritoneum. At this stage the 
medullary cords are still further reduced, no young follicles being 
found among them. 

The mass of rete tissue is now found to be constricted at its point 
of entrance into the ovary. Further development of the sex cells and 
of the intra-ovarian rete has caused the boundaries of the rete cords 
to become obscured. 
the rete tissue 
have degenerated to such an extent that the rete tubules are now 
found to be in almost direct contact with the mesonephric tubules. A 
minute description of the seminiferous tubules of this stage will 
serve to unify the points touched upon in the preceding pages 
(see Plate V, Fig. 18). They are still solid, yet their tubular nature 
is shown by the arrangement of the dense peripheral layer of nuclei 
belonging to the germinative cells. Each nucleus is attached to the 
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membrana propria by a cylindrical condensation of cytoplasm, fre- 
quently so short that the nucleus appears to rest directly upon the 
membrana propria. The axial portion of the tubule is occupied by a 
loose network of protoplasm. At no time do these germinative cells 
have definite boundaries. 

There are at this stage no transition forms between the germin- 
ative cells and primitive sex cells. 

18 cm. Embryo. Frmatr.—This stage shows some interesting 
points in the development of the intra-ovarian portion of the rete tis- 
sue. ying in the mesentery at the hilum, it extends but a short dis- 
tance into the ovary, not reaching the inner ends of the adjoining 
cords of Pfliiger. In this intra-ovarian portion of the rete, the odgonia 
have in some cases developed so far as to be surrounded by well-de- 
fined follicles (Plate VI, Fig. 20). These young follicles have but a 
single layer of granulosa cells and are exactly like the follicles formed 
in the inner portions of the cortex, at this stage. With these rete 
follicles are found sex cells in all stages of development, likewise re- 
sembling corresponding sex cells in the cords of Pfliiger. The re- 
semblance is made more complete by the fact that the sex cells of the 
rete are undergoing the same process of degeneration as are corres- 
ponding sex cells in the cords of Pfliiger. 

The portion of the rete lying in the mesonephros has become dis- 
tinctly separated from the intra-ovarian portion just described. Most 
noteworthy, however, is the fact that the few primitive sex cells found 
in it have not developed beyond the original condition which they ex- 
hibited in the early stages of development. 

Few of the open tubes of Pfliiger exist as such at this stage, most 
of them having become transformed into solid cords of cells such as 
characterize the cortex as a whole. 

20 cm. Embryo. Frmaue.—A careful study of the inner ends of 
the cords of Pfliiger shows that many of the odcytes of the young 
primitive follicleS have disappeared as a result of the process of de- 
generation already described. The granulosa cells are apparently not 
affected, but persist in solid elongated clumps, similar to the remains 
of the medullary cords found scattered through the axial portion of the 
ovary. 

All the primitive sex cells and odcytes of the rete tissue have disap- 
peared, leaving only the granulosa cells and their homologues. 

25 cm. Embryo. FrMALE.—At this stage the surface of the ovary 
is found to have become wrinkled and irregular. The cords of Pfliiger 
form a thick, dense, cortical layer, within which is the medullary por- 
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tion of the ovary, made up of loose connective tissue (stroma) which 
extends between the cords of Pfliiger in the form of strands and plates 
having a texture denser than that of the central mass. These strands 
are continuous with a sub-peritoneal layer of connective tissue that 
separates the cords of Pfliiger from the peritoneum, thus putting an 
end to their further growth at the expense of the latter. Here and 
there a slender ingrowth from the peritoneum is still found to pierce 
the connective tissue layer, yet these are of slight importance. I am 
not prepared to say whether they assume greater importance in later 
stages. 

The cortex contains sex cells in all stages of development, from 
the very young odgonia of the peripheral region to the small follicles 
in its innermost edge. The remains of the medullary cords and of 
the intra-ovarian portion of the rete are still present in the medullary 
region and are found to be in practically the same condition as in the 
20 cm. embryo. Not a sign of sex cells is to be seen in either the 
intra- or extra-ovarian portions of the rete. — 

The rete tissue is much more extensive in this stage than in the 
20 cm. stage. There it was again more extensive than in the preced- 
ing (18 cm.) stage). Although these, observations would seem to 
point to its growth after the degeneration of the sex cells, one should 
not lay too much stress upon this point. These seemingly conclusive 
facts may be conditioned by the great variability universally seen to 
exist in vestigial structures. A study of the rete cells failed to reveal 
extensive nuclear division in the above stages. 


IV. DETAILS OF DEVELOPMENT IN THE RABBIT. 


138-Day Embryo.—There is at this stage no observable difference 
between the structure of the sex gland and rete rudiments. This 
stage corresponds with the 0.8 cm. stage of the pig. One is struck 
with the vagueness of the basement membrane of the peritoneum both 
in this and in succeeding stages of the rabbit, yet it is as truly present 
as in the pig embryos where it appears with remarkable distinctness. 
Many of the cells of both stroma and peritoneum are found to be 
quite -irregular in shape, in many cases even ameeboid. Frequently 
they appear to be dividing by amitosis. It is very difficult to decide 
whether this be merely apparent or real. This point deserves special 
study, as it is of prime importance. A few figures of mitosis appear 
here and there. Primitive sex cells are present, though rare, occurring 
either in the peritoneal layer or beneath it. They are to be distin- 
guished from the surrounding peritoneal and stroma cells by the same 


Bennet Mills Allen hE 


criteria noted in the pig embryo. Both rete and sex regions are found 
to contain them. 

1414-Day Embryo.—At this stage the sex gland rudiment is easily 
distinguishable from the rete portion of the genital ridge. It is hemi- 
spherical in transverse section, having attained a marked increase in 
height over the preceding stage by multiplication of the cells of the 
peritoneum and of the stroma cells which are manifestly derived from 
it. Sex cords are well formed, as in the 1.4 cm. stage of the pig, being 
likewise continuous with the peritoneum from which they were formed 
by a process of invagination. Although the cords appear with a fair 
degree of clearness, the rabbit is by no means so favorable a subject 
for the determination of the manner of their formation, as is the pig. 

The rete portion of the genital ridge is quite low in comparison with 
the rudiment of the sex gland. Here one finds certain scattered 
diffuse cords projecting from the peritoneum into the. underlying 
stroma, each invested by a membrana propria continuous with the 
basement membrane of the peritoneum. There are a few primitive 
sex cells in these rete tubules, but the predominating type of cells 
comprises those with small, oval, deeply-staining nuclei without cell 
boundaries, such as compose the peritoneum. ‘These cells are attached 
to the membrana propria or basement membrane, as the case may be, 
by slender strands of cytoplasm, showing the same relation in this 
regard as do the corresponding cells in the pig embryo. 

The nuclei of the stroma in both rete and sex gland rudiments are 
found to be irregular in shape, giving the appearance of undergoing 
division by amitosis. 

16-Day Embryo—tThe rete tubules of the region anterior to the 
sex gland can be readily detected. They lie in a mass triangular in 
transverse section. This is limited by the mesentery of the mesone- 
phros, the capsules of Bowman and the peritoneum. In places the 
rete tubules can be seen growing in from the peritoneum and branch- 
ing in the stroma. Each has a rudiment of a lumen which opens into 
the body cavity on the one hand, and on the other extends for a short 
distance into the interior of the tubule. These rete tubules can be found 
along the entire length of the rete rudiment and back beneath the sex 
cords of the rudimentary sex gland. In this region—the anterior end of 
the sex gland—it is difficult to distinguish the rete tissues from the under- 
lying layer of connective tissue cells that separates them from the 
Malpighian corpuscles. The rete nuclei differ from those of overlying 
sex cords in that they are slightly smaller, more irregular and more 
deeply-stained than the latter. These rete nuclei are not to be dis- 
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tinguished from the stroma nuclei nor from those of the peritoneum, 
all of the above named being amceboid in shape, and giving the appearance 
of dividing by amitosis. 

A few large, well-marked, primitive sex cells are found in the rete 
tubules, beneath the sex gland and in those lying well within the 
anterior portion of the mesonephros in front of the sex gland. 

Testis.—In the anterior end of the testis the sex cords are still 
attached to the peritoneum. They reach a considerable length, and 
are often seen to branch once or twice in their course. More pos- 
teriorly one finds cords in process of separation from the perito- 
neum. As in the 1.7 cm. pig embryo, the nuclei of the proximal ends 
of these separating sex cords are becoming elongated and are assum- 
ing the character of connective tissue elements. Finally they break 
away from the basement membrane to form the albuginea dividing the 
peritoneum from the sex cords. More posteriorly still, this process 
is found to have been completed. 

Ovary.—In the ovary, the sex cords have not begun to separate 
from the peritoneum, although the introductory stages of such a pro- 
cess are seen. The sex cords are not so definite in outline as are 
‘those of the testis, owing to the fact that the stroma tissue separating 
them is not so dense as in that organ. The cells of the ovary are in 
all regards quite like the corresponding ones in the testis, the same 
small, amceboid nuclei being found in the sex cords, rete tubules, 
stroma and albuginea, in addition to the primitive sex cells of rete 
tubules and sex cords. 

The peritoneum of the ovary is much thicker than that of the testis, 
being three cells thick in many places. Primitive sex cells are found 
occasionally in the innermost portions, together with intermediate 
forms connecting them with the ordinary peritoneal cells. The inner 
edge of the peritoneum is more or less irregular in outline, showing a 
number of short, rounded protuberances—the rudiments of the cords 
of Pfliiger. 

17-Day Embryo. Trstis.—The seminiferous tubules of the testis 
contain primitive sex cells and germinative cells, with many trans)- 
tional forms between the two. Both kinds divide by mitosis. The 
stroma nuclei are now more regular in shape, and no longer give the ap- 
pearance of dividing by amitosis. As in the pig embryo, an investing 
membrane of connective tissue is found around the seminiferous tubules. 
This tissue has undergone a decided ‘increase. 

Cases of karyolytic degeneration are seen here and there among 
the cells of the seminiferous tubules and rete tubules, although it is 
by no means common. 
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The rete tubules are separated from the peritoneum save only at the 
anterior end of the mesonephros. They lie in a direction parallel to 
the long axis of the sex gland, being in some places closely applied to 
the capsules of Bowman. Many Malpighian corpuscles have given’ 
out evaginations that have fused with the rete tubules in the man- 
ner described in the pig embryo. The latter are distinctly separated 
from one another by their clear-cut membrana propria. No primi- 
tive sex cells are, at this stage, found in the rete tubules anterior to the 
sex gland, but they occur here and there in those underlying the an- 
terior part of the sex gland. . 

Ovary.—The description of the rete testis apples to the rete 
ovaril, there being no essential differences between the two. 

All except a very few of the medullary cords have broken away 
from the peritoneum. These resemble the seminiferous tubules to a 
certain extent, yet they have a tendency to form spherical clumps of 
cells which remind one of follicles. 

21-Day Embryo. Txrstis——The rete tissue extends beneath the 
testis for over half its length. It occupies the space between the 
somewhat excavated inner face of that organ and the mesentery. A 
transverse section of the testis would show the mass of seminiferous 
tubules to appear as a crescent between the horns of which lie the 
rete tubules. These anastomose, forming a mass of tissue in which 
the boundaries of the component cords are largely obscured. From 
this unified mass slender branches (tubuli recti) pass to the seminifer- 
ous tubules, with which they unite. The nuclei of the rete cells are 
strikingly like those of the germinative cells, this resemblance being 
heightened by the fact that neither kind possess cell boundaries. 
Tiere and there in the seminiferous tubules, nuclei are found to de- 
generate by karyolysis. Clear transition forms are found to connect 
the primitive sex cells with the germinative cells (Fig. 23). This 
stage shows the interstitial cells to be well developed. They are 
characterized by having well-defined limits, granular cytoplasm, cen- 
trosphere and centrosome, and a spherical nucleus somewhat smaller 
than that of the primitive sex cells. 

Ovary.—The chief advance over the preceding stage is found in 
the extension of the cords of Pfliiger into the loose connective tissue 
of the albuginea. It will be remembered that these cords were mere 
rudiments in the 17-day stage ; now they are quite well-developed. 

The medullary cords are but indistinctly separated from one another 
by rather sparse stroma cells which resemble the follicular cells of 
the medullary cords. 
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23-Day Embryo. 'Trest1s.—In the testis of this stage there is no 
important advance over the preceding stage. 

Ovary.—The rete tubules have assumed the appearance of the 
medullary cords save for the fact that they contain no primitive sex 
cells—a fact which might have been noted in the 21-day embryo. 
There has been little essential change in their general character. The 
nuclei of the rete tubules and their homologues in the medullary cords 
are still very irregular in form, giving the appearance of being in pro- 
cess of division by amitosis. Undoubted amitosis occurs among simi- 
lar nuclei in the cords of Pfltiger (Plate VI, Fig. 22). These are des- 
tined to become the follicular (granulosa) cells of the Graafian folli- 
cles. It is possible that some of them may develop into odgonia— 
this pomt should be studied further. The cords of Pfliiger are con- 
nected with the peritoneum by slender necks. 

26-Day Embryo. 'Trestis.—The rete tissue has extended the en- 
tire length of the testis. Scattered primitive sex cells are found here 
and there in the part lying within the testis, but are not present in 
the mesonephric portion. 

The interstitial cells are found to occasionally divide by mitosis. 

There is an extensive karyolitic degeneration of sex cells of the 
seminiferous tubules. Not only is the nucleus affected in the man- 
ner already described, but the cytoplasm undergoes modification as 
well, in that it assumes the property of staining more deeply in these 
degenerating cells than it does in the normal ones. 

Ovary.—The medullary cords are now clearly separated from one 
another by rather wide intervals filled with stroma tissue. The cords 
of Pfliiger have increased in extent and have, to a large extent, fused 
with one another until their original limits are marked only by dense 
plates and strands of connective tissue. As in the pig, we shall here- 
after refer to this zone of densely-packed cords of Pfliiger as the cor- 
tex, in contradistinction to the inner core of looser tissue made up of 
stroma and medullary cords. 

Rabbit at Birth. Trstis.—The rete tubules become more distinctly 
limited from one another and have begun the process of lumen forma- 
tion simultaneously in all parts of the rete tissue. In this process 
the cells pull apart from the central axis of the cord which is a line of 
weakness due to the manner in which these cords are formed. The 
lumen of any given rete tubule is not continuous at first, being formed 
disconnectedly along the course of the cord. Each tubule is provided 
with a connective tissue sheath. The typical epithelial cells of these 
tubules form a syncytium in which the deeply-staining, columnar 
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nuclei are arranged side by side, usually in a single layer, although 
* one, at times, finds a superposed layer. A few primitive sex cells occur 
in the portion of the rete tissue lying within the testis. A complete 
series of transitional forms are found to connect the primitive sex 
cells with the germinative cells in this as in the 17, 21, 23 and 26- 
day stages. 

In both male and female the me- 
sonephros proper has almost wholly 
disappeared, leaving a connective tis- 
sue network in whose meshes lie masses 
of fat. The caput epididymis (Text 
Fig. 4), made up of contorted tubules 
(rete efferentia) lined with epithelial 
cells, still remains. These are the 
persistent uriniferous tubules of the an- 
terior part of the mesonephos, the great 
bulk of the tubules posterior to these 
having degenerated, together with a 
few of those which were formed in the 
most anterior end of the mesonephros. 
A few shrunken glomeruli still persist 
in connection with the rete efferentia. 

Rabbit 3 and 8 Days after Birth. i 
Trstis,—These stages are interesting prq. 4. Sagittal section of the testis 


emetly because they show a marked $ooitan ee Scavs ater birth. ol. al- 


dumimution in ‘the number ™ ot) imter= (iret ce duonies Wa Wale ee 
stitial cells which, however, are still *** 
found to be in process of division by mitosis. 

Rabbit 10 Days after Birth. Ovary.—The rete tubules are in all 
eases devoid of a lumen. They are frequently joined to hollow 
tubules of larger diameter which extend into the general rete mass. 
These are the rete efferentia. Their identity is shown by the large 
size of the lumen, and by the fact that the nuclei are larger than those of 
the rete tubules. These rete efferentia have been brought to le within 
the hilum by the extension of the ovary to partially enclose the 
shrunken mesonephros. They probably grow into the ovary of their 
own account as well. The differences between medullary cords and 
rete tubules disappeared as far back as the 23-day stage of embryonic 
life. . . 

The cortical layer is distinctly bounded from the medullary sub- 
stance by a dense layer of connective tissue which follows a zig-zag 
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course to accommodate itself to the large rounded projections com- 
prising the cords of Pfliiger. These cords are still attached to the. 
peritoneum by their narrow basal portions. 

The medullary and rete tubules are usually two cells wide and with- 
out any trace of a lumen. Their nuclei are oval and rather uniform 
in size. Here and there one finds primitive sex cells singly or in 
groups of two to four. They are frequently in the same stage of 
synapsis as are the more advanced nuclei of the cortex. 

In the 26-day female embryo the Wolffian duct has almost disap- 
peared by degeneration, together with the great bulk of the urinifer- 
‘ous tubules. In the female, 10 days after birth, the mesonephric 
structures are found to have completely degenerated save for a few 
vestiges of uriniferous tubules lying within the rete tissue and the 
mesentery, posterior to the hilum. Aside from these vestiges, the 
mesonephros consists of loose connective tissue enclosing great masses 
of fat—the remains of former Malpighian corpuscles and mesonephric 
tubules. 

13 Days after Birth. Ovary.—Follicles are forming in the cortex 
at this stage. They are, of course, very simple, each consisting of a 
large odcyte surrounded by a single layer of granulosa cells. Exactly 
similar follicles are also found in the medullary cords. 

Very many nuclei in all parts of the cortex and medullary cords are 
suffering karyolytic degeneration. 

17 Days after Birth. Ovary.—The process of follicle formation 
has continued, resulting in the breaking up of the inner ends of the 
cords of Pfliiger. No sex cells are found in the medullary cords.from 
this stage on. The ova of certain of the innermost follicles have dis- 
appeared, leaving clumps of follicle cells such as are found in corres- 
ponding stages in the pig. Frequently one finds two or even more 
odcytes in the same follicle. 

24 Days after Birth. Trstis.—This stage shows the testis to have 
pretty largely assumed the characters prominent in adult life. The 
caput epididymis is made up of the much-contorted tubules of the 
rete efferentia, the latter being traceable down to their points of con- 
nection with the rete testis. This, as already stated in the’ descrip- 
tion of previous stages, is made up of a mass of anastomosing rete 
tubules from which proceed the tubuli recti that connect with the 
seminiferous tubules. In the posterior two-thirds of the testis, the 
rete is wholly surrounded by the seminiferous tubules that have closed 
in around it. Here and there primitive sex cells (spermatogonia) can 
still be found in the rete testis. 
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Up to the stage of 8 days after birth, there were found numerous 
transition forms connecting the germinative cells with the primitive 
sex cells. This is by no means true of the 24-day stage (Plate VI, 
Fig. 24), where there is a very sharp distinction between the two types 
of cells which are singularly uniform among themselves. This is true 
not only in the characters already enumerated, but also in the staining 
reaction as well. The germinative nuclei take the iron hematoxyln 
stain with avidity while the primitive sex cells (spermatogonia) are not 
affected by it at all. 

25 Days after Birth. Ovary.—The cords of Pfliiger are now almost 
entirely broken up to form large numbers of small follicles surrounded 
by connective tissue that has permeated the entire mass of each cord of 
Pfliiger. : 

31 Days after Birth. Ovary.—It was noted in an earlier stage (17- 
day ovary) that certain ova of the innermost follicles degenerated 
leaving clumps of follicular cells. These clumps are quite evident in the 
31-day stage, lying along the border between the medulla and cortex. 

45 Days after Birth. Ovary.—Many of the follicles have increased 
in size until they have acquired as many as three layers of granulosa 
cells, among which appears an incipient follicular cavity. Already 
the stroma forms a capsular investment (theca) about each follicle, 
and this investment has begun to show a differentiation into a theca 
interna and a theca externa. The nuclei of the cells of the theca 
interna are rounded and the cell body has become fuller in contrast 
to the attenuated fibrous character of the cells of the theca externa, 
whose nuclei have remained elongated and in every regard like those 
of the general stroma tissue of which they are an integral part. Tran- 
sition forms between both varieties of theca cells can be readily found. 
It might be well to call attention to the fact that there is a thin layer 
of attenuated stroma cells between the theca interna and the mem- 
brana propria of the granulosa layer. It will be termed the follicular 
capsule. 

At this period many cells of the theca interna have developed into 
interstitial cells similar to those described in the testis of the pig 
embryo. Each has a rounded nucleus, clear cell outlines, centro- 
sphere, centrosome and numerous fatty: granules deposited in its 
cytoplasm. The formation of these interstitial cells is genetically 
connected with a process of follicle degeneration which continues from 
the time of the earliest formation of follicles on through adult life. 

50 Days after Birth. Ovary.—The medulla becomes still more re- 
duced in this stage by the invasion and growth of follicles in its bor- 
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der. The ground substance is a rather compact connective tissue in 
which are imbedded the slender transversely-placed medullary and 
rete tubules, which are quite inconspicuous and devoid of a lumen. 
Large open lymph spaces are formed in the stroma. ‘Typical interstitial 
cells are not at all uncommon. 

78 Days after Birth. Ovary.—Certain of the innermost follicles 
have increased greatly in size, having in some cases almost reached 
maturity. They encroach upon the limits of the medullary region to 
such an extent as to make the latter band-like in cross-section. In 
Plate VII, Fig. 26, is represented a portion of the ovary showing the 
more important tissues composing it. The granulosa cells have well- 
defined boundaries, being polygonal in shape as the result of mutual 
pressure. The nuclei are rounded and are found to divide by mitosis. 
The follicle is bounded externally by a clearly-defined membrana pro- 
pria, external to which one finds a very thin layer of attenuated con- 
nective tissue cells. This investment (follicular capsule) is similar 
to that which surrounds the seminiferous tubules. 

Outside of this occurs the theca interna, which is from one to four 
cells thick, the component cells being elongated in a direction parallel 
to the surface of the follicle. They are rich in cytoplasm. The large, 
rounded or oblong nuclei stain more lightly than do the nuclei of the 
granulosa cells. 

The slender branching and anastomosing medullary and rete cords 
are distinguishable from the surrounding stroma by the clear cyto- 
plasm and small oblong, deeply-staining nuclei of their cells which 
have apparently remained unchanged in character from the earliest 
stages onward. 

Certain young follicles of a stage just before the formation of the 
follicular cavity have begun to degenerate, the process first affecting 
the odcyte which in some cases has disappeared wholly or in part. The 
mass of follicular cells becomes irregular in outline, but shows no 
signs of degeneration. It is quite likely that certain cords of cells 
with nuclei larger than the true nuclei of the medullary cords in the 
midst of which they lie, have originated from these degenerating foll- 
cles, the resemblance between their nuclei and those of the normal 
follicles being very striking. 

S85 Days after Birth. Ovary.—The ovary as a whole has changed 
but little in form and size, this stage being most remarkable on ac- 
count of the great increase in the number of interstitial cells. This 
increase is due to a very extensive process of follicle degeneration 
which seems to be at its height, affecting follicles in all stages of de- 
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velopment. The granulosa cells are the first to show signs of degen- 
eration, the nucleus drawing up into a small globular homogeneous 
mass in the center of the cell. The cytoplasm changes in such a man- 
ner as to become more deeply stained than formerly and the whole 
cell becomes rounded. This is no doubt the process of chromatolysis 
described by Flemming, 85. It certainly results in the eventual 
liquefaction of the cells affected. 

Large numbers of connective tissue elements from the capsule and 
theca interna penetrate into the follicular cavity. As the granulosa 
cells degenerate further, the follicular cavity becomes smaller and 
the capsule, theca interna and theca externa contract, thus encroach- 
ing upon the follicular cavity until the latter has become greatly re- 
duced. The above mentioned elements that have migrated into the 
follicular cavity from the capsule and theca interna persist after the 
granulosa cells have all disappeared. The cells from the theca in- 
terna later undergo fatty degeneration and finally disappear, leaving . 
the slender connective tissue cells that had migrated from the capsule; 
these persist and probably remain to form part of the general stroma 
tissue, lying between the columns of interstitial cells, whose method 
of formation will be described later. 

A series of fine connective tissue fibres join the follicular capsule 
with the theca externa passing rather obliquely between the cells of 
the theca interna. When the capsule closes in upon the follicular 
cavity these threads are drawn taut and arrange the cells of the theca 
interna in radial rows. The whole mass may become laterally com- 
pressed by the growth of neighboring follicles. In very advanced 
stages of atresia, when the follicular capsule has become reduced to 
a crumpled remnant lying in the midst of the cells of the theca in- 
terna, the latter lose their cell walls and become irregular in shape. 
In this condition they undergo a process of rapid amitotic division 
(Plate VII, Fig. 27), the resulting nuclei being much smaller than be- 
fore this process took place. These will develop into the prominent 
interstitial cells as seen in later stages. 

6 months’ Virgin.—In the ovary of this animal (Text Fig. 5) it is 
possible to trace out the further development of the interstitial cells. 
They cease to divide and undergo a process of growth in size both of the 
nucleus and of the cell body. At this stage—just after division has 
ceased—there occurs a deposition of a substance occurring in the form 
of small spherules, which stain deeply with hematoxylin. They were 
found only in this one specimen and are in no wise to be confounded 
with the very numerous fat granules which now begin to fill the cyto- 
plasm of these interstitial cells. 
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These fat granules are very characteristic of the interstitial cells. 
In this stage certain of these cells-which have become isolated from 
the general mass are found to have enlarged greatly and to have be- 
come stuffed full of large fat spherules which are very readily dissolved 
by xylol. Each of these cells contains a large excentric nucleus with 
a centrosphere and centrosome (Plate 
VII, Fig. 28). Most of the interstitial 
cells are crowded together by mutual pres- 
sure and are hence prevented from attain- 
ing the full size of the one figured, which 
lay free in the connective tissue. 

8 Months Old; 1st Pregnancy; 14 
Days Pregnant.—The corpora lutea ap- 
pear to be in the height of their develop- 
ment. The lutein cells composing ‘them 
are rounded and suffer very little mutual 
pressure, being separated by fair intervals 
in many cases. Between them is a loose 
Fig. 5. -Trausverse section of mass-of fibrous connective tissue. The 


ovary of a six-months old virgin - Raley se 
rabbit. f.,follicle: d.f degenerate interstitial cells on the other hand, lie in 
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the manner already noted. Certain 
interstitial cells that become separated from the general mass are 
found to be rounded and of almost the same size as the lutein cells 
of the corpora lutea. 

One is struck by the great resemblance of the interstitial and lutein 
cells (Plate VII, Figs. 29 and 30), a resemblance that practically amounts 
to identity aside from the matter of size, which difference can, in large 
part, be attributed to the factor of external pressure. The description 
of the interstitial cells of the 6-months’ virgin practically applies to the 
interstitial cells of this pregnant rabbit and to the lutein cells of the 
corpora lutea as well. 

Ovaries of Older Pregnant Rabbits—The ovaries of a number of ani- 
mals in various stages of pregnancy were examined. In the older of 
these animals the lutein and interstitial cells are apparently indistin- 
guishable in the deeper-lying regions where the cells are the oldest. 
In the most central zones they are found to be undergoing a process of 
hyaline degeneration, the cell limits becoming indistinct, the cyto- 
plasm ragged, and the nucleus very faint. Finally the innermost 
regions are found to contain the shrivelled remains of these cells. 
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Corpora lutea and masses of interstitial cells are successively forming 
at the periphery and disintegrating in the interior of the ovary. 
Atretic follicles were found in adult pregnant females of various 
uges. 
V. DISCUSSION OF RESULTS. 


1. INDIFFERENT StTace.—The genital ridge first appears as an area 
of thickened peritoneum and underlying mesenchyme (stroma), extend- 
ing the entire length of the mesonephros, and situated on the ventro- 
median face of that organ. The tissues composing it are in no wise dif- 
ferent from those forming the remainder of the investment of the 
mesonephros. In section, the peritoneum is found to be separated from 
the stroma by a more or less distinct basement membrane formed by 
the interlacing of protoplasmic fibrils proceeding from the nuclei of 
peritoneal and stroma cells (Plate I, Figs. 2 and 3). 

The cells composing the peritoneum and stroma tissues are almost 
wholly without evident boundaries. Only here and there does one find 
scattered cells with distinct cell boundaries, centrosphere, centrosome, 
large nucleus, and clear cytoplasm—the so-called primitive sex cells. 
They occur in all parts of the genital ridge but are most numerous in 
that region in which the sex gland will form. 

The distinction between peritoneum and stroma is not based upon any 
essential difference in the character of their component cells at this 
early period, but is based upon their arrangement, the nuclei of the 
peritoneum being arranged with their long axes parallel to one another 
and perpendicular to the basement membrane, while those of the stroma 
tissue lie with their long axes usually parallel to the basement 
membrane of the peritoneum which is very faint at certain points where 
active division of the peritoneal cells is taking place. This is due to the 
‘ fact that peritoneal nuclei are being crowded through the membrane 
by mutual pressure, caused by their rapid multiplication. 

In the 10 cm. stage, a regional differentiation begins to appear in 
the genital ridge. This is marked by the formation of numerous crowded 
peritoneal invaginations (Plate I, Fig. 4) in the middle third; less 
numerous and deeper invaginations in the anterior third; and the almost 
total lack of them in the posterior third. The regions from front to 
rear, as thus marked off, are the rudiments of the rete, sex gland and 
mesenteric ridge, respectively. 

These invaginations are caused by a progressive trulaninatien of the 
peritoneal nuclei. Although the first formation of these cords is a true 
process of invagination, further growth is centrifugal, the peritoneum 
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moving outward, and at the same time adding to the cords already laid 
down, by a continuation of the invagination process. 

These cords are truly of a tubular nature, a lumen, though not present, 
being conditioned by the arrangement of the cells. Transverse sections 
of these incipient tubules show a bounding membrana propria which is 
continuous with the basement membrane of the peritoneum. Inside of 
this is a single layer of peritoneal cells with their bases attached to the 
membrana propria, while their apices meet at a common central point— 
the rudiment of the future lumen. 

The invaginations are much fewer in the rete region than in the sex 
gland rudiment, and also differ from those of the latter region in the 
fact that they penetrate through the stroma to the walls of the Malpighian 
corpuscles (Plate II, Fig. 6), from which the rudimentary sex cords 
are separated by a layer of stroma. The limit between the rete and sex 
gland rudiments may be roughly placed at a point opposite the 12th 
glomerulus, in the rabbit, and opposite the 20th, in the pig; however, the 
sex gland rudiment slightly overlaps the rete region; hence the impossi- 
bility of drawing a sharp limit between the two. 

There has been a great diversity of opinion in regard to the origin 
of the sex cords and rete tubules. Practically all writers except Egli, 
Janosik, Coert and von Moller have derived the rete tubules from the 
Malpighian corpuscles. The above named, considered them as products 
of the peritoneum covering the mesonephros. There has been greater 
unanimity in regard to the derivation of the sex cords. We shall not 
enter into detail upon this subject, but shall simply point out the fact 
that Waldeyer, 70 and o2, Kolliker, 98, Balfour, 78, Rouget, 79, and 
others hold that the sex cords arise from the Malpighian corpuscles, and 
that they receive primitive sex cells which migrate to them from the peri- 
toneum. 

According to Mihalkovics, 85, the cells of the sex cords arise from the 
germinal epithelium, not through direct invagination but in an indirect 
manner, through infiltration of the stroma by peritoneal cells which later 
become segregated to form strands. 

Schulin, 81, and Coert, 98, hold a somewhat different view, namely 
that the entire sex gland is formed from a homogeneous mass of cells 
blastema) derived from the peritoneum. This view differs from that 
of Mihalkovies, 85, in that the latter does not consider the stroma to be 
derived from the peritoneum, while Coert considers such a peritoneal 
origin of the stroma to be very probable, and extends this idea to 
explain the formation of the rete tubules and the sex cords as well. 

The continued growth of the sex cords at their bases and the accom- 
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panying outward movement of the peritoneum results in a thickening 
of the genital ridge in the sex gland region. This becomes more and 
more pronounced until the sex gland appears hemispherical in trans- 
verse section, later appearing as a disc attached to the mesonephros 
by a relatively slender bridge—the mesentery. It gives the impression 
of having become constricted from the surface of the mesonephros. This 
appearance is, however, delusive, as the mesentery is in reality slightly 
broader than was the base of the rudimentary sex gland. 

The cells composing the indifferent sex gland (Plates III and IV, 
Figs. 9 and 11) may be classed under three heads: (1) Primitive sex 
cells; (2) syncytial cells with small nuclei; (3) syncytial cells with 
nuclei of various sizes. . 

The primitive sex cells, already described, are found chiefly in the 
sex cords, although they occur sparingly in the connective tissue of the 
mesentery. They divide infrequently by mitosis throughout these early 
stages. 

The nuclei of cells of class (2) stain deeply and are often attenuated. 
They form the albuginea and occur in the stroma, sex cords and, to a 
limited extent, in the peritoneum. 

Cells of the third class occur together with those of the second class, 
which they resemble in that they are without definite boundaries. Their 
nuclei are larger and usually stain less deeply, showing all gradations 
between those of the primitive sex cells and the small, deeply-staining 
syncytial cells of class (2). It is almost certain that both forms originate 
from these cells of intermediate character of which the peritoneum is 
almost exclusively formed. 

In the basal portions of the sex cords at the time when the latter 
are being separated from the peritoneum, there is a direct transition 
of the nuclei of class (3) into connective tissue nuclei of class (2), which 
forms the mesentery and the albuginea (Plate III, Fig. 9). Certain 
small nuclei of the sex cords resemble these connective tissue nuclei in 
a most striking manner and probably arise by a similar process of differ- 
entiation. ‘These last named belong to the germinative cells of the 
seminiferous tubules and to the follicular cells of the medullary cords. 

The albuginea and mesentery of the sex glands are derived from the 
peritoneum of regions immediately dorsal and ventral to the sex gland 
(Plate II, Fig. 7). The cells of these mesentery rudiments proliferate 
rapidly throughout the early stages, causing a rapid growth of the mesen- 
tery. Here and there primitive sex cells are formed in these regions 
and are carried down into the mesentery with the connective tissue in 
the midst of which they lie. 
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As stated above, the albuginea is formed by the transformation of the 
cells occupying the basal parts of the sex cords, into connective tissue 
elements, which are liberated by the rupture of the membrana propria 
encasing them (Plate III, Fig. 9). In this manner the sex cords become 
separated from the peritoneum and undergo further growth and differ- 
entiation independent of that layer. 

The formation of the mesentery and albuginea and the separation of 
the sex cords from the peritoneum are far more clearly shown in the pig 
than in the rabbit, yet I have been able to verify these processes through- 
out in the latter animal. Coert, 98, has come to essentially the same 
conclusions, but is cautious in expressing himself in regard to these 
points, as he well may be, because of the difficulty of following these 
processes in the rabbit, upon which form he worked. 

The separation of the sex cords from the peritoneum takes place at a 
slightly earlier period in the female than in the male. Coert, 98, has 
‘ laid considerable stress upon this fact in the case of the rabbit. How- 
ever it is not of primary importance in the pig. In the latter animal, 
it takes place in embryos of 1.6 to 1.7 cm. in length. . 

As previously stated, the rete tubules are serially homologous with 
the sex cords, differing from them at this stage chiefly in the fact that 
they are less numerous, being isolated from one another by considerable 
intervals, filled in with connective tissue. The portion of the genital 
region occupied by the rete tubules becomes elevated to such a degree 
as to be quite evident in gross dissections. Coert considers the rete 
tubules of the rabbit to arise from a mass of unorganized rete blastema 
by a process of differentiation which slowly progresses inward from the 
periphery. According to him, this differentiation process is not com- 
pleted until after birth. I found these tubules to be distinct and clearly 
limited in the rabbit embryo of 16 days. This difference between our 
results may have been due to a difference of technique. Coert used 
Kleinenberg’s picro-sulphuric solution as a fixing agent, while my mate- 
rial was fixed in Flemming’s fluid followed by Heidenhain’s iron hema- 
toxylin stain. 

Primitive sex cells are present in the rete tubules from the first, 
but are uncommon, the great mass of cells being similar in character 
to those of the peritoneum from which they arose. This similarity 
applies not only to the absence of cell limits in the rete cells of the pig and 
rabbit, but in the former animal, to the size and staining reaction of the 
nuclei as well. In the rabbit, these nuclei stain more deeply and are 
slightly smaller than are the nuclei of the peritoneum and of the germi- 
native and follicular cells of the sex cords. As will be seen in a discus- 
sion of later stages these differences tend to disappear. 
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The rete tubules extend in a posterior direction, their bases remaining 
attached to the peritoneum for a long time after the sex cords have 
become completely separated from it. ‘These rete tubules penetrate quite 
deep into the stroma, reaching the walls of the Malpighian corpuscles, 
to which they are often so closely approximated as to give the appear- 
ance of arising from them. The glomeruli underlying this rete region 
comprise those from the 6th to the 20th, inclusive, in the pig, and from 
the 6th to the 12th in the rabbit. 

Since the rete remains indifferent in character long after the ovary 
and testis have become differentiated from one another, a common de- 
scription will suffice to make clear its development in both male and 
female, up to a relatively late stage. Primitive sex cells begin to form 
anew from the syncytial cells of the rete tubules in the pig embryo 
of 3 cm. length. When the embryo has reached 4+ cm. length, the rete 
tubules break away from the peritoneum along the posterior three- 
quarters of the length of the rete region. I was unable to determine 
‘whether this process is similar to that by which the sex cords become 
separated from the peritoneum. In any case it takes place at a much 
later period as above shown. 

At this stage and a little earlier, evaginations arise from the capsules 
of Bowman of the Malpighian corpuscles at points close to the mass 
of rete tubules (Plate V, Fig. 15). Their number varies from 
one to three. In fact many Malpighian corpuscles give off no evagina- 
tions at all, although they arise in close proximity to the rete tubules. 
Similar evaginations occur in the rabbit embryo of 16 and 17 days, 
where they were first observed by Coert, 98. I am inclined to ascribe 
to these a morphological significance, yet they are of no particular func- 
tional importance, because a union of the rete tubules with the capsules 
of Bowman is, in very many cases, established by the former coming in 

direct contact with the latter. 
It is interesting to note that branches from the rete tubules grow out 
to meet the tips of the evaginations from the Malpighian corpuscles. 
The cells from these two sources assume similar characters and are 
later indistinguishable from one another. Such later stages are very 
deceptive, having no doubt given rise to the incorrect view that the rete 
tubules arise from the Malpighian corpuscles. 

The rete tubules branch and anastomose in their course, behaving 
much like the sex cords in this regard. The tubules of the anterior end 
of the rete mass remain in connection with the peritoneum throughout 
later stages while posterior to this point they are separated from it by 
a considerable interval and are united to form a cylindrical mass, the 
posterior end of which projects into the anterior end of the sex gland. 
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In the rabbit, the conditions are essentially similar yet by no means 
so clearly shown as in the pig. Difficulties in the study of these pro- 
cesses in the rabbit are caused by the compactness of the tissues, the 
smallness of the component cells, and the indistinctness of the limits 
of the rete tubules. 


2. SEXUAL DIFFERENTIATION.—It now remains to follow the ovary 
and testis separately as they diverge in the process of further develop- 
ment. Both are homologous, in that they have originated from an indif- 
ferent rudiment in which a considerable complexity of structure has 
become evident before it is possible to distinguish sexual differentiation. 

Unmistakable differences between ovary and testis can be discerned 
in the 2.5 em. embryo of the pig, less-marked differences being evident 
in the embryo of 1.8 em. length. A clear distinction between ovary and 
testis is observable in the rabbit embryo of 144 days’ age. 

Previous to the period of sex differentiation, the sex gland has taken 
definite form, having become constricted off from the mesonephros, to 
which it remains attached by the relatively narrow mesentery. A trans- 
verse section shows it to be composed of the following tissues: (1) the 
peritoneum, or germinal epithelium as it has been generally termed, 
especially in the case of the ovary; (2) the albuginea, a term usually 
applied to the subperitoneal connective tissue of the testis, but equally 
applicable to the same zone in the ovary; (3) the sex cords; (4) the 
interstitial stroma; (5) the distal ends of certain rete tubules that have 
grown from the rete region into the anterior end of the sex gland. 

The prime features of sex differentiation are shown in the 2.5 cm. 
pig embryo. The fundamental points are the further development of 
the sex cords in the testis to form the seminiferous tubules and the 
development of the peritoneum in the ovary to form the cords of Pfliiger. 
These two sets of cords having a similar origin, but one which is suc- 
cessive in point of time, are the structures in which the functional sex 
products form. On the other hand, the sex cords of the ovary cease in 
their growth and become the medullary cords—assuming the character 
of the cords of Pfliiger. In the testis the peritoneum ceases to develop 
and becomes flattened—finally almost disappearing in later stages. 

The albuginea layer is far thinner and more compact in the testis 
than in the ovary. This is due to the fact that in the former it is much 
more closely crowded against the peritoneum by the seminiferous tubules 
than by the medullary cords in the case of the ovary. 

The peritoneum, cords of Pfliiger and medullary cords of the ovary, 
together with the peritoneum and seminiferous tubules of the testis, 
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contain numerous globules of fat resulting from a process of fatty degen- 
eration in these structures. Loisel, oo and o2, found the spherules of fat 
to occur throughout the rudimentary sex gland of the 98-hour chick 
embryo, and in the 5-day embryo of the California quail, and in sparrow 
and guinea-pig embryos as well. According to him the primitive sex 
cells lose them when they become spermatogonia, while certain germin- 
ative and Sertollian cells contain fat globules up to the end of embryonic 
life, when they disappear, to later reappear at the time of puberty and at 
successive periods of sexual activity. There is thus a periodicity in their 
formation at least in the sparrow, upon which form the greater part of 
Loisel’s work was done. He shows that the interstitial cells are filled 
with fat globules at the same time that the cells of the seminiferous 
tubules contain them, hence there is an interrelation between the two 
sets of cells. Interstitial cells are rare if not non-existent in the testes 
of adult birds, although they occur in great numbers in the testes of 
adult mammals. 

He interprets the fat spherules described above as secretion products 
and not as the products of degeneration. It seems to me unsafe to 
hazard an opinion upon the physiological aspects of this process, yet it 
certainly does result in the destruction, both immediate and remote, 
of a large number of cells. It would hardly seem that in the present 
state of our knowledge, Loisel is justified in his assertion that the 
bright plumage assumed by birds during the breeding season is due to 
any trophic stimulus imparted by this fatty substance. Coincident with 
this process of fatty degeneration in these structures, certain cells of 
the stroma suffer extensive modification, their cytoplasm becoming gran- 
ular, acquiring a centrosome, centrosphere and definite cell limits. The 
nuclei of these cells also enlarge and become spherical. These inter- 
stitial cells are very numerous in the testis, but quite rare in the ovary. 
In both sex glands, they divide by mitosis. 

Plato, 97, Coert, 98, and Limon, 02, are unanimous in agreeing that 
the interstitial cells arise from the stroma in both ovary and testis. 


3. FURTHER DEVELOPMENT OF THE SEx Guanps. A. Trstis.—The 
peritoneum becomes less and less important in later stages, finally form- 
ing a broken and almost vestigial covering of the sex gland. The albu- 
ginea becomes thicker and more compact, but need be given little further 
attention as its development is a very simple process. 

We have still to consider the development of the following elements : 

1. Seminiferous tubules. 

2. Rete tubules. 

3. Interstitial cells and stroma. 


128 Embryonic Development of Ovary and Testis of Mammals 


1. Seminiferous Tubules——The seminiferous tubules of the 2.5 em. 
pig embryo are rather distinctly limited by a membrana propria, still 
exterior to which is a thin layer of small connective tissue cells forming 
a capsular investment. The cells of the tubules are of two general 
classes—germinative cells and primitive sex cells, between which classes 
are found all intermediate forms. The germinative cells are identical 
with those classed above under groups 2 and 3, in fact the conditions 
are not altered in this stage. All classes of cells are dividing by mitosis 
while many of the germinative cells appear to be undergoing amitotic 
division. 

Conditions in every regard similar to those outlined above, hold good 
in the rabbit material, the corresponding period being about the 16th 
day of embryonic life. 

Transition forms connecting the germinative cells with the sex cells 
occur in the pig embryos between 2.5 cm. and 13 cm. length (see 
Plate IV, Fig. 14), later stages showing no transition forms. The 
rabbit material being more extensive, shows the condition of the cells 
of the seminiferous tubules up to the period of sexual maturity. Inter- 
mediate forms of cells are found to connect these two types in all stages 
from the 16-day embryo up to the stage 8 days after birth inclusive. 
Testes of the 40-day rabbit show absolutely no. connecting links, the 
two classes of cells being there found in their purity. The germinative 
cells occur in a single layer with their bases attached to the membrana 
propria, while the primitive sex cells—spermatogonia—lie in the more 
axial portions of the seminiferous tubules. 

A striking feature of the seminiferous tubules is their tendency. to 
branch and anastomose (Plate IV, Fig. 12), such tendencies manifesting 
themselves in the very earliest stages, when the sex cords are first laid 
down. 

As has been previously shown, the rete tubules are pushed into the 
anterior end of the sex gland. In the pig, their tips project into an 
axial space left between the inner tips of the radially arranged seminif- 
erous tubules, while in the rabbit, the mesentery is broader than in 
the pig; hence there is left a space at the base of the testis, for the occu- 
pancy of the rete tubules. 

2. Rete Tubules—In the testis of the pig, the rete tubules remain 
within the hilum until a period between the 8.5 cm. and 10 em. stages, 
during which time they grow rapidly down the axial space, almost 
reaching the distal end. It is at this period that the rete tubules begin 
to acquire a lumen and also to send out branches—tubuli recti—to the 
inner ends of the seminiferous tubules. As many as four of these 
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tubuli recti were seen to arise from a single rete tubule, being apparently 
called forth wherever needed. A distinction between the tubuli recti and 
the seminiferous tubules can be readily drawn from several criteria. The 
chief difference lies in the greater diameter, lack of lumen, and far greater 
number of sex cells of the seminiferous tubules as contrasted with the 
fact that the rete tubules are narrower by half, possess a lumen, and 
contain very few primitive sex cells (Plate V, Fig. 18). The two struc- 
tures resemble one another in the character of their component cells, the 
germinative cells of the seminiferous tubules being practically identical 
with the epithelial cells of the rete tubules, and the primitive sex cells 
of both structures showing an exact correspondence. This homology is 
also seen in the fact that both structures are limited by membrana pro- 
pria and capsular connective tissue investments formed in the same man- 
ner in each. 

This process of the extension of the rete tubules takes place in the 
rabbit 3 days after birth. Later, the seminiferous tubules grow about 
the eccentrically placed mass of rete tubules in such a manner as to en- 
close it. Repeated anastornosis of the rete tubules results in the union 
of their lumina to form a large cavernous, irregular space imperfectly 
divided by the walls of the component tubules. The nuclei of the rete 
cells still have the Seneral characters of those belonging to the germi- 
native cells of the seminiferous tubules; but are far more elongated by 
lateral compression. Primitive sex cells are found in the rete tubules 
of the rabbit 24 days after birth, but are not present in those of the 140- 
day rabbit; hence it is safe to conclude that the sex cells of the rete tes- 
tis are not functional. 

3. Interstitial Cells—TIn the pig, the interstitial cells are found to 
multiply by mitosis from the time of their first appearance up to the 
stage of the 7.5 cm. embryo, and in the rabbit testis as late as 8 days 
after birth. There may be new interstitial cells formed between the 
period of their first appearance and sexual maturity, but this seems 
highly improbable, no evidences of such having been seen. They begin 
to degenerate in the 15 cm. pig embryo, and in the rabbit 24 days after 
birth. This process of degeneration first manifests itself by a shrinkage 
of the cytoplasm. In the process of development of these interstititial 
cells, their cytoplasm becomes filled with fat globules that have a ten- 
dency to run together (Plate IV, Fig. 13). At the same time, the 
centrosphere becomes clearer and more sharply defined from the sur- 
rounding cytoplasm. Plato, 97, does not represent the centrospheres in 
his figures of the interstitial cells of the cat, rabbit, steer, horse and 
other forms studied by him. 
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B. Ovary.—The tissues to be considered in this organ are as follows: 
1. Cords of Pfliiger and peritoneum. 

2. Medullary cords. 

. Rete tubules. 

. Interstitial cells and stroma. 

1. Cords of Pfliiger, and Peritoneum.—The cords of Pfliiger, were seen 
to arise in the 2.5 em. pig embryo as columns of cells growing into the 
stroma from the peritoneum. During later stages, they lengthen by 
centrifugal growth, cell multiplication taking place largely at their points 
of attachment to the peritoneum. One can find all stages in the develop- 
ment of the odgonia (see Plate VI, Fig. 22) from the stage when they 
are indistinguishable from the other cells of the peritoneum from which 
they originate, to that in which more mature forms of odcytes are found 
in the deeper-lying portions of the cords of Pfliiger. There is a gradual 
transition in these cells; the degree of maturity corresponding with the 
distance from the surface of the ovary. In the rabbit, certain small 
nuclei of cells without cell boundaries divide by amitosis (Plate VI, Fig. 
22). These cells of the cords of Pfliiger correspond to the germinative 
cells of the seminiferous tubules. In the ovary, they are destined to 
form the granulosa cells, although it might well remain an open question 
whether some of these amitotically dividing cells do not also transform 
into sex cells. 

In certain of the later stages of the pig (13 and 15 cm. embryos), 
tubular cords of Pfliiger make their appearance (Text Fig. 3). They 
extend from the peritoneum for some distance into the medullary sub- 
stance. By the development of the cells forming these peritoneal tubules 
they become transformed into solid cords containing primitive sex cells 
and other elements similar to the peritoneal cells of which these invagi- 
nations were originally composed. The latter are destined, in part at 
least, to form the granulosa. In the manner above described, these hol- 
low tubules become transformed into solid cords of Pfliiger, in every 
way homologous with the cords laid down at an earlier period of develop- 
ment. In still later stages, the cords of Pfltiger are found to have 
widened, branched, and anastomosed to such an extent as to form an 
almost unbroken cortical zone, through which plates of connective tissue 
extend in a radial direction, marking out the original limits of the 
cords. Their inner ends are broken up to form nests of cells which be- 
come surrounded by layers of the invading stroma. In this manner are 
formed the follicles with their connective tissue theca, the odcyte and 
granulosa cells being derived from the cords of Pfliiger. 

Kolliker, 98, Mihalkoviecs, 85, Rouget, 79, Biihler, 94, hold the view 
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that the granulosa cells are derived from the medullary cords. None 
of the above named authors subjected this question to a critical study 
of numerous stages in any species of animal; but studied isolated and 
more or less mature stages. Winiwarter, 00, Balfour, 78, Coert, 98, 
Nagel, 99, and many others hold, on the contrary, that the granulosa 
cells arise from the cords of Pfliiger. 

2. Medullary Cords.——The medullary cords which we found to be at 
a standstill in development at the time of their separation from the peri- 
toneum develop into structures in all regards similar to the cords of 
Pfliiger. Although homologous with the seminiferous tubules, they are 
distinctly female in character. 

There is a constant degeneration of follicles in these medullary cords 
and in the deeper portions of the cortex as well. This results in the 
complete destruction of the sex cells in the former before the follicles 
have developed far enough to possess more than a single layer of granu- 
losa cells. The few such young follicles found in the medullary cords 
and inner portions of the cords of Pfliiger of the 13 cm. embryo, are 
found to have disappeared in the 15 cm. stage, leaving small clumps of 
more or less elongated granulosa cells enclosed in the membrana propria 
and connective tissue investment that was previously formed about them. 
These clumps remain throughout later stages, the persistent granulosa 
cells taking on more or less the appearance of connective tissue. 

The fate of the medullary cords is quite similar in the rabbit. It will 
be more explicitly dealt with in connection with the rete tubules. Suffice 
it to say that the sex cells never pass beyond the stage of synapsis char- 
acteristic of young oocytes in a certain early stage of development, the 
few simple follicles that make their appearance being destined to degene- 
rate as in the pig. 

3. Rete Tubules.—The subject of the rete tubules of the ovary is one 
of the most interesting of the whole account. As previously stated, they 
contain primitive sex cells during the early stages in the development of 
both male and female. These are present in both the extra- and intra- 
ovarian portions. In that part of the rete lying within the sex gland, 
they increase in number during the 4 em. and 5 em. stages of the pig, 
becoming much more numerous than in that portion lying within the 
mesonephros. The proximity of any given portion of the rete tissue 
to the sex gland appears to condition the relative number of primitive 
sex cells found in it. The rete tubules of the ovary are at all times 
devoid of a lumen, and the intra-ovarian portions take on more and 
more the appearance of the medullary cords and cords of Pfiiiger. This 
similarity becomes very evident in the 13 cm. stage, at which period 
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the intra-ovarian portions of the rete are almost wholly composed of 
primitive sex cells and of smaller cells in every regard identical in kind 
with the follicular cells. Strands of stroma tissue serve to separate the 
rete tubules from one another. 

Later ‘stages show the intra-ovarian portion .of the rete tissue to be- 
come constricted off from the extra-ovarian (mesonephric portion). The 
primitive sex cells in the former continue to develop until in the 18 cm. 
embryo there are found typical follicles (Plate VI, Fig. 20), each with 
its odcyte and a single layer of granulosa cells. These odgonia and 
odcytes are short-lived, however, being already in process of degenera- 
tion, resulting in their total destruction before the 20 cm. stage, where 
all traces of the sex cells have disappeared from the rete tissue, both in 
the ovary and in the mesonephros. The only trace of rete tissue found 
in the ovary at this time consists of clumps of connective tissue and 
elongated modified granulosa cells. These resemble the vestiges remain- 
ing after the degeneration of the medullary cords and of the inner fol- 
licles of the cords of Pfliiger. 

In the rabbit, the process is not so striking, the sex cells having dis- 
appeared from the rete tissue in the 17-day embryo, long before there has 
been any trace of follicle formation. The rete tissue is bunched at the 
anterior end of the ovary in contact with the medullary cords. Coert, 
98, states that the rete extends by no means so far distally in the ovary as 
it does in the testis. I have also observed this fact in the rabbit, while in 
the pig it is very marked as already shown. The close resemblance be- 
tween the cells of the rete and medullary cords makes it difficult and, in 
later stages, impossible to distinguish between them. The only criterion 
is the presence in the latter of scattered sex cells, these being absent from 
the rete tubules after the 17th day of embryonic life.- This distinction, 
however, is quite unreliable. 

The subsequent history of the mass of tissue formed by the union of 
the rete and medullary cords is an uneventful one. After the primitive 
sex cells of the medullary cords degenerate in the young rabbit, 17 days 
after birth, the rete and medullary cords are seen as slender strands, 
lying in the dense stroma between the lymph spaces of the medullary 
portion of the ovary (Plate VII, Fig. 26). Their nuclei often become 
columnar through the pressure exerted upon them. ‘These rete-medul- 
lary cord rudiments have now reached a period of quiescence in which 
they are remarkably persistent, remaining until: after the animal has 
passed the stage of puberty. In both pig and rabbit, they persist as 
vestigial structures, playing absolutely no further rédle in the develop- 
ment of the sex gland. 
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4. Interstitial Cells and Stroma.—tThe first generation of interstitial 
cells in the pig ovary appears in the 2.5 em. embryo. They divide by 
mitosis, but are on the whole short-lived, disappearing in the stage of 
4 cm. The stroma consists of fibrous connective tissue filling in all the 
space between the remaining structures, and forming a very important 
element of the ovary. No interstitial cells are found in the rabbit ovary 
until the stage of 45 days after birth, when a few cells are to be found, 
which can unmistakably be assigned to this class. Their presence is 
associated with the degeneration of certain follicles in which a theca 
interna has developed from the stroma investment. Such a theca interna 
is not formed until the follicle has acquired about three layers of granu- 
losa cells and the rudiment of a follicular cavity. Their development 
can be best understood in the ovary of the 85-day rabbit. Fully-formed 
follicles at this stage are seen to be surrounded by a connective tissue 
investment which consists of an inner layer of modified cells—theca 
interna—and an outer layer of ordinary connective tissue cells. All 
transition forms between these two kinds exist (Plate VII, Fig. 26), 
showing that the cells of the theca interna have originated from the 
general stroma by a process of transformation in which the cell body 
becomes cylindrical instead of fibrillar, the cytoplasm becomes clearer, 
the nucleus larger and spherical, and a centrosome makes its appearance. 
In reality, the theca interna is separated from the follicle by a thin 
layer (follicular capsule) of attenuated connective tissue cells which 
send fibres in a diagonal direction through the theca interna to the 
theca externa. This arrangement has been previously described by a 
number of authors, Paladino, 87, Clarke, 98, and Rabl, 98. 

Very many of these follicles are degenerating at this stage. As soon 
as the granulosa cells have begun to degenerate by chromatolysis, those 
of the theca interna begin to enlarge slightly. A few cells from the inner- 
most fibrous layer (follicular capsule) and from the theca interna break 
through the basement membrane and enter the cavity of the follicle. 
The theca interna derivatives undergo fatty degeneration, eventually dis- 
appearing together with the granulosa cells. The only elements that 
ultimately persist in the mass of degenerating cells enclosed by the fol- 
licular capsule are the thin connective tissue cells that have become 
separated from the capsule. These remain unaltered after all the cells 
that have migrated from the theca interna have disappeared by fatty 
degeneration and the granulosa cells by chromatolysis. 

During the degeneration of the cells enclosed by, the follicular cap- 
sule, the cells forming the latter join to form a thick densely-staining 
membrane which contracts and thickens as degeneration proceeds. It 


134. Embryonic Development of Ovary and Testis of Mammals 


persists after all the granulosa and inner theca cells and even the ovum 
have entirely disappeared. It shows a more or less fibrous structure in 
these later stages, finally disappearing without leaving a trace. The 
above described closing-in of the follicular capsule stretches the con- 
nective tissue strands joining the capsule with the theca externa. In 
this manner, the cells of the intermediate theca interna are arranged 
in radiating columns. These develop into the interstitial cells to be 
described later. ‘This view has already been advanced by Schottlaender, 
gi, Clarke, 98, Plato, 97, Limon, 02, and a number of others. 

At a stage immediately succeeding the disappearance of granulosa 
cells and ovum, the nuclei of the still undeveloped interstitial cells be- 
come amoeboid and then undergo a rapid process of amitotic division 
(Plate VII, Fig. 27). This is not described in any of the literature, 
although Dr. Frank R. Lillie and Dr. C. M. Child of this laboratory 
both inform me that they have noted the same phenomenon. 

Van der Stricht, o1, finds that in the formation of the corpora lutea 
of the bat (Vespertilio) the cells of the theca interna having taken on 
the form of lutein cells, divide by mitosis for a short period, after which 
division ceases entirely. Sobotta, 96, also has found scattered mitotic 
figures in the theca interna of the rabbit after discharge of the ovum, 
although he does not ascribe to this layer the formation of the lutein 
cells. Rabl, 98, finds them to divide before the beginning of atresia, 
not after that process has set in. 

After this process of amitotic division is completed the interstitial cells 
rapidly increase in size and finally develop into the mature form in 
which the cytoplasmic body is voluminous, clearly bounded, and stuffed 
full of fat globules; the nucleus is enlarged and rounded; and a well- 
defined centrosphere and centrosome have appeared. These interstitial 
cells are similar to the lutein cells of the corpora lutea in all regards 
save size. Even this criterion is not a safe one by which to distinguish 
the two sets of elements. Certain interstitial cells of the ovary of a 
6-months’ old virgin, having become separated from the mass and lying 
free in the loose stroma, are found to have enlarged to the dimensions 
of the smaller lutein cells of the corpora lutea. 

Although the work of Sobotta, 96, Honoré, 00, and others has led 
them to assert that the lutein cells of the corpora lutea originate solely 
from the granulosa cells of the discharged follicle, there are a large num- 
ber of workers who hold the view that they originate solely from the cells 
of the theca interna. Among such authors may be mentioned Clarke, 
98, Van Beneden, 80, and Kolliker, 98. Van der Stricht, or, and 
Schulin, 81, consider them to arise from both sources. This question 
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does not properly come within the limits of this work, yet I cannot re- 
frain from pointing out the very close resemblance between the inter- 
stitial and lutein cells (Plate VII, Figs. 29 and 30). It seems quite 
improbable that two groups of cells, almost identical as these are, could 
have arisen from such diverse elements as the connective tissue cells of 
the theca interna, on the one hand, and the granulosa cells on the other. 

Successive generations of lutein and interstitial cells push the earlier- 
formed groups of cells toward the center of the ovary, where they 
undergo hyalin degeneration. De Sinety, 77, finds in the human 
subject that the number of atretic follicles is greater during pregnancy 
than at other times. I cannot substantiate this; but am inclined to con- 
sider pregnancy to make no difference in their number in the rabbit. 
This view I can support by a number of ovaries, taken from immature 
rabbits, mature virgins, immature virgins, pregnant animals and one 
taken from a rabbit that had borne young but had been isolated for 
three months. 


4. Primitive Sex CreLus.—The primitive sex cells occur from the 
earliest stages studied (pig, 6 mm. length; rabbit, 13-day embryo) on 
through all later stages of development. Similar cells have been found 
in the earliest stages of the Elasmobranchs by Beard, 00, 02, 03, Rabl, 
98, Woods, 02, and in the Teleost by Eigenmann, gt. I have myself 
found the large yolk-filled primitive sex cells of these authors in turtle 
embryos (Trionyx) and may say that I am now at work upon this 
subject. It is too early to give results, but it may be stated with certainty 
that these cells occur in the embryo of 3 mm. length and are seen to 
be apparently migrating from the entoderm through the splanchnopleuric 
mesoderm to the point where the latter joins the somatopleuric mesoderm. 
It is here that the sex glands are to form. This observation corresponds 
with that of Beard, 03. 

The nuclei of such cells are larger than those of the entoderm and 
mesoderm among which they lie, but resemble them at this stage in the 
fact that they show very little chromatin material as contrasted with 
the very pronounced chromatin network which they show in later stages 
(1.5 cm. embryo). In this stage the large yolk spherules are found to 
_ be breaking up into small granules which remain in one or two clumps 
in the cytoplasm. These cells at this stage show a very marked resem- 
blance to the primitive sex cells of the pig and rabbit. In fact I have 
no hesitation in identifying them as their homologues. In the pig and 
rabbit they are found not only in the genital ridge, but outside of it as 
well, in the earlier stages. So far as my own work goes, I have found 
them in the mesentery of the alimentary canal. Eigenmann, 91, found 
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them even in the brain region of the young Teleost (Micrometrus). 
There seems to be no doubt of their sexual character, because they are 
present in such great numbers in the sex glands, and have all the char- 
acteristics of those cells (spermatogonia and odgonia) from which the sex 
products eventually form. 

It has been shown in the pig and rabbit, however, that these sex cells, 
appearing in the indifferent stages, do not contribute to the formation of 
functional sex products in the ovary. The same is probably true of the 
testis, it being at least certain that the great bulk of the spermatogonia 
are formed from the germinative cells—cells derived originally from the 
peritoneum and maintaining, first, their indifferent character at least so 
far as our technique is able to show. Schonfeld, o1, and Loisel, oo, 
have shown, the former in the case of mammals, the latter in birds, that 
spermatogonia and Sertollian cells arise during adult life from these 
germinative cells (indifferent cells of Schonfeld). What interpretation 
shall we then put upon the so-called primitive sex cells (primitive ova, 
Ureier, Urkeimzellen, etc.) ? I consider them to be spermatogonia in the 
testis and oégonia in the ovary. ‘They have almost reached that degree 
of specialization at which we might call them oocytes and spermatocytes. 
The fact that they are still found in process of mitotic divisions ex- 
cludes them from these latter classes of cells. They should more prop- 
erly be termed spermatogonia and odgonia of the second order, in ac- 
cordance with the use of these terms by Loisel in the case of birds and by 
many authors who have written upon the subject of the sex cells of 
invertebrates. 

These primitive sex cells found in the early stages of embryonic life 
have, then, undergone a process of precocious development; but for 
some reason, this process is not carried beyond a certain point. The 
stimuli or favorable conditions that brought about the formation of 
these secondary spermatogonia in regions outside of the sex gland, may 
be later present only in the sex gland itself, or indeed, only in certain 
parts of it. The influence exerted by the sex gland in bringing about 
the development of the sex cells is beautifully illustrated by the process 
above described by which egg follicles and spermatogonia develop in 
large numbers in the rete tubules lying within the sex gland, while they 
develop sparingly in those parts lying within the mesonephros. In such 
cases as we have seen, the degree of development and number of sex 
cells forming in any given region of the rete tissue is dependent upon 
the proximity of that region to the sex gland. It must be clearly under- 
stood that I do not deny the possibility of an early specialization and 
segregation of the sex cells as claimed by Nussbaum, 80, Rabl, 96, 
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Beard, 00, 02, 03, Higenmann, 91, Woods, 02, and others; but I do 
assert that the proof of such an assertion has not yet been furnished. 
The development of the sex cells must be followed from the earliest 
embryonic stages to the period of sexual maturity, before one can prove 
that the cells under consideration are the only ones that give rise to 
the sex products, or that they give rise to them at all. 


5. MorpHonocicaL RELATIONSHIPS.—The morphological significance 
of the sex gland structures may be expressed in terms of the biogenetic 
law somewhat as follows: The genital ridge represents a primitive con- 
dition in which the sex gland extended along the entire length of the 
mesonephros. In this sex gland, the gonads appeared in the form of 
tubules or vesicles opening into the body-cavity in the case of both ovary 
and testis. It was impossible, in this piece of work, to determine whether 
there is any segmental arrangement of the sex cords in the forms studied. 
Such, however, would most probably be the condition in the primitive 
type. 

The evaginations from the Malpighian corpuscles no doubt represent 
the “segmental striinge,” “genital kanile,” etc., of those authors who 
have worked upon the development of the sex glands in the Anamnia. 
In the Amphibia, for instance, they have a truly segmental arrange- 
ment, according to Hoffman, 87, Spengel, 76, Semon, 92, while Hoff- 
man, 89, Braun, 77, Mihalkovics, 85, Semon, 87, Weldon, 85, show a 
like segmental arrangement to occur in the Reptilia. Much might be 
said in this connection, as the literature upon the subject is quite rich 
in suggestive facts. 

According to Shreiner, there are 2 to 3 glomeruli in each somite of 
the pig. My own work has shown that a connection takes place between 
the rete tissue and those glomeruli with which it comes in contact, 
there may be as many as three evaginations called forth from a single 
glomerulus or there may be none at all. For these reasons we cannot 
assert a strict homology between these evaginations and the “ segmental 
strange ” of the Anamnia, yet the former probably represent a modi- 
fication of the same process, as that by which the formation of the latter 
are formed. 

Returning to the subject of the genital ridge as a whole, it would seem 
fair to conclude that the sex cords which in the ancestral forms lay 
posterior to the present limits of the sex gland, have disappeared. The 
rete tubules would represent sex cords anterior to the sex gland that 
had retained more or less of their ancestral condition, but have become 
modified to meet the requirements of their function as efferent ducts 
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cords is more intimate in the male than in the female, owing to the 
fact that the connection is not, and probably never was, of functional 
importance in the latter. 

One is struck with the fact that there is a complete, or almost com- 
plete, separation of the medullary cords of the ovary from the peri- 
toneum at almost the same time that the seminiferous tubules of the 
testis break away from it. This separation takes place essentially in 
the same manner in both sexes. Coert, 98, considers the medullary cords 
to represent a system of ducts which served in phylogenetically earlier 
periods, to carry the female sex products to the Wolffian duct. Wal- 
deyer, 70, considers them to represent vestigial seminiferous tubules 
arising from the mesonephros. Paladino, 87, and Harz, 83, confound 
them in part with the long rows of interstitial cells of the adult animal. 
One might assume that there was one stage in the phylogenetic history 
of the sex glands in which both medullary cords and seminiferous tubules 
furnished sex products that were conducted to the rete efferentia through 
the rete tubules. If one hold this view, he must grant that the forma- 
tion of the cords of Pfliiger or second generation of ovarian cords repre- 
sents a return to the primitive condition in which the female sex pro- 
ducts are again discharged into the body-cavity from the surface of the 
sex gland. This view would hardly seem to be a reasonable one, hence 
I, at least, would prefer to consider the cords of Pfliiger to be mere 
interrupted continuations of the medullary cords. Winiwarter, oo, holds 
a view very similar to the last, his well-known diagram practically ex- 
pressing my own conception of the process. ‘There is no exact corres- 
pondence in number between the cords of Pfliiger and medullary cords, 
the former being much more numerous that the latter. 

The medullary cords never assume the characteristics of seminiferous 
tubules. 

The assumption that the separation of the medullary cords from the 
peritoneum is not and never was phylogenetically of functional im- - 
portance, leads to many interesting questions pertaining to the influence 
of heredity in the transmission of sexual characters. Is it possible that 
developmental processes of functional importance to the testis alone must 
be transmitted to the female or vice versa, simply because the germ 
cells which have united to produce the embryo transmit tendencies to 
the formation of both male and female, both of which assert their 
power, though one be ever so feeble? In this connection it is of great 
interest to note that Laulainé, 86, has found that the peritoneum of the 
% to 8 day chick testis thickens after the separation as though it were 
about to develop along the line of the ovary. This is merely temporary, 
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as it again thins out and becomes relatively unimportant in later stages. 
In any case, there is a remarkably close correspondence between the gen- 
eral processes of development of the testis and ovary. 

I wish to express my deep obligations to my professor, Dr. Frank R. 
Lillie, for constant guidance and valuable assistance throughout the 
course of this work. 


VI. SUMMARY AND CONCLUSIONS. 


1. The sex glands and rete originate from the genital ridge composed 
of the thickened mesonephric peritoneum and underlying tissue, pro- 
liferated from it. 

2. The testis is composed of (A) the seminiferous tubules, (B) stroma. 

A. The seminiferous tubules are formed as solid invaginations of the 
peritoneum, which later became separated from it, and undergo subse- 
quent growth by the activity of the component cells. These are of two 
kinds, (1) primitive sex cells, spermatogonia of the second order; and 
(2) germinative cells. Intermediate forms connect these two kinds and 
may be interpreted as the primitive cells from which both varieties origi- 
rate. ‘They occur up to a certain stage in development, and may possi- 
bly recur periodically in adult stages. 

B. The stroma consists of (1) loose connective tissue, (2) the albu- 
ginea—formed from the cells comprising the proximal portions of the 
seminiferous tubules together with possible additions of other connective 
tissue from the stroma, (3) interstitial cells formed from the stroma. 
These are formed contemporaneously with the appearance of fatty de- 
generation in both peritoneum and seminiferous tubules. 

3. The ovary is made up of homologous groups of structures. 

A. The medullary cords and cords of Pfliiger are both derived by 
invagination of the peritoneum, the former being in all regards homo- 
logous with the seminiferous tubules. The cords of Pfliiger are invagina- 
tions of the peritoneum, formed after the medullary cords have become 
separated from it. Both medullary cords and cords of Pfliiger contain 
oogonia and follicle cells. Follicles formed in the medullary cords are 
never functional and cease to form in later stages. They degenerate 
together with other young follicles of the inner ends of the cords of 
Pfliiger. Both medullary cords and cords of Pfliiger contain (1) primi- 
tive sex cells (odgonia) ; (2) follicular cells—probably homologous with 
the germinative cells of the seminiferous tubules; while intermediate 
forms of cells are found in the peripheral part of the ovary. 

B. The stroma consists of (1) loose connective tissue, from which are 
derived the theca interna and theca externa of the follicles; (2) a zone 


140 Embryonic Development of Ovary and Testis of Mammals 


homologous with the albuginea, but of a loose consistency, which renders 
it indistinguishable from the remainder of the stroma; (3) interstitial 
cells homologous with those in the testis. In the pig ovary, these inter- 
stitial cells appear very sparingly, at the same time that they appear in 
the testis, but very soon disappear. They develop in later stages in both 
pig and rabbit ovary. Details of this phenomenon were studied only in 
the rabbit, in which animal the cells in question were first found 45 days 
after birth. They are formed from the cells of the theca interna in 
response to conditions created by the degeneration of the follicles about 
which they lie. Many striking points of similarity lnk these interstitial 
cells with the lutein cells of the corpora lutea. Both finally suffer hyalin 
degeneration in the interior of the ovary. 

4. Rete tubules are formed in connection with both testis and ovary, 

A. The tubules forming the rete ovarii and rete testis originate in 
the region of the genital ridge anterior to their respective sex glands. 
They are homologous with the sex cords which they also resemble in 
the fact that they contain primitive sex cells. In the testis they form 
a core surrounded more or less completely by the seminiferous tubules, 
and extend almost the entire length of the-organ. They project but a 
short distance from the hilum into the ovary. In both sexes they are 
connected with certain glomeruli of the anterior part of the meso- 
nephros, by means of more or less vestigial evaginations from the cap- 
sules of Bowman. 

B. Each cord of the rete testis acquires a lumen and sends numerous 
side branches (tubuli recti) to the seminiferous tubules, from which 
they differ only in diameter and in the relative number of primitive sex 
cells contained in them. This similarity is in later stages confined to 
those portions of the rete tubules that le within the testis. These finally 
undergo modification in form and lose their sex cells by degeneration. 

C. Homologous relations exist between the-rete ovarii and the medul- 
lary cords. The rete ovaril never acquire a lumen, remaining solid, 
hke the medullary cords which they greatly resemble. So great is this 
resemblance in the case of the rabbit, that the two structures cannot be 
distinguished from one another in post-embryonic stages. The slender 
strands of these indistinguishable elements persist in a quiescent state 
in the ovary of the adult. In the pig, numerous odgonia appear in the 
intra-ovarian rete tubules, many of them even developing into young 
follicles, all of which degenerate before birth, leaving masses of follicu- 
lar cells similar in all regards to the remains of the medullary cords. 
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Conclusions. 


1. The sex cords—medullary cords and seminiferous tubules—are 
homologous structures formed as tubular invaginations of the peritoneum. 

2. The cords of Pfliiger are formed from the same source and in the 
same manner as the sex cords, but at a slightly later period of time. 

3. The rete cords are formed at the same time as the sex cords and 
in the same manner. 

4. The connective tissue of the sex-gland—stroma and albuginea— 
is derived from the peritoneum. 

5. The interstitial cells of both ovary and testis are formed from 
connective tissue in reference to a process of degeneration occurring in 
the sex gland. 

6. The primitive sex cells seen in the earliest stages are precociously 
developed odgonia or spermatogonia of the second order, similar cells 
developing during later stages, from apparently undifferentiated peri- 
toneal cells. 

v7. The sex glands exert a specific influence, causing follicles to form 
in the intra-ovarian rete of the pig, and bringing about the development 
of spermatogonia in the intra-testicular rete of both pig and rabbit. 
Such sex elements are not functional, because of the fact that they suffer 
early degeneration. 
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EXPLANATION OF PLATES. 


All figures except No. 1, were outlined with the aid of a camera lucida. 


al., albuginea. m. r., mesenteric ridge. 

c., blood corpuscle. nu., nucleus. 

c. B., capsule of Bowman. oc., oocyte. 

cen., centrosphere. p., peritoneum. 

ce. P., cord of Pfitiger. p. S., primitive sex-cell. 

Cc. p., epithelial plate. r., rete. 

éev., evagination of capsule of r c., rete cord. 
Bowman. r. t., rete tubule. 

f. c., follicular capsule. GaGa SOxX_Cord: 

g., glomerulus. st., stroma. 

ger., germinative cell. s. tu., seminiferous tubule. 

gr., granulosa cell. S. g., sex gland. 

i. C., interstitial cell. t., testis. 

m., mMesonephros. : t. r., tubulus rectus. 

m. f., mesenteric fundament. th. i., theca interna. 

Mm. p., Membrana propria. th. e., theca externa. 

PEATE Ds 


Fig. 1. Reconstruction of the anterior end of the left mesonephros. Pig 
embryo, length 12.5 cm. 

_Fig. 2. Fundament of the rete ridge. Pig embryo, length 0.7 cm. Trans- 
verse section. » 893. 

Fic. 3a. Fundament of sex gland. Pig embryo, length 0.7 cm. Trans- 
verse section. < 893. 

Fig. 3b. Same as 3a, showing primitive sex cell in portion of peritoneum. 
< 893. 

Fic. 4. Fundament of sex gland. Pig embryo, length 1.0 cm. Transverse 
section. x 893. 
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Fic. 5. Fundament of sex gland. Pig embryo, length 1.25 cm. Transverse 
section. » 608. , 

Fic. 6. Fundament of rete. Pig embryo, length 1.4 cm. Transverse section. 
« 893. 

_.. Fic. 7. Fundament of sex gland and mesentery. Pig embryo, length 1.4 cm. 
< rere section. > 893. 

is PLATE III. 

Fig. 8. Fundament of sex gland (peripheral portion). Pig embryo, length 
1.6 cm. Transverse section. >< 608. 

Fic. 9. Fundament of sex gland (peripheral portion). Pig embryo, length 
1,7 cm. Transverse section. 893. 
‘) Fic. 10. Medullary cord of ovary. Pig embryo, length 5 cm. 893. 
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PLATE IV. 


Fic. 11. Rete cord in rete ridge. Pig embryo, length 1.8 cm. 893. 

Fie. 12. Seminiferous tubules and stroma of testis. Pig embryo, length 
18cm. x 893. 

Fig. 13. Seminiferous tubule and stroma of testis (transverse section). 
Pig embryo, length 3 cm. » 893. 

Fig. 14. Seminiferous tubule of testis (longitudinal section). Pig embryo, 
length 7.5 cm. x 893. 


PLATE V: 


Fic. 15. Capsule of Bowman and rete cords. Pig embryo, length 4 cm. 
< 893. 

Fic. 16. Capsule of Bowman and rete cords. Pig embryo, length 7.5 cm. 

Fic. 17. Intra-ovarian portions of rete cords. Pig embryo, length 8.5 cm. 
S< 893. 

Fig. 18. Tubulus rectus and seminiferous tubule. Pig embryo, length 
13 cm. x 893. - 


PLATE VI. 


Fic. 19. Seminiferous tubule. Pig embryo, length 15 cm. » 893. 

Fic. 20. Follicle in intra-ovarian rete. Pig embryo, length 15 cm. » 893. 

Fic. 21. Rete tubule of testis. Pig embryo, length 13 cm. » 8938. 

Fig. 22. Portion of cortex of ovary. Rabbit embryo, 23 days. » 893. 

Fig. 23. Seminiferous tubule (longitudinal section). Rabbit embryo, 21 
days. > 893. ; 

Fic. 24. Seminiferous tubule (transverse section). Rabbit, 24 days after 
birth. >< 893. 


PLATE VII. 


Fig. 25. Cord of Pfliiger, with lumen. Pig embryo, length 15 cm. » 893. 

Fic. 26. Tissues of a rabbit ovary. 78 days after birth. x 893. 

Fic. 27. Interstitial cells in process of amitotic division. Rabbit ovary, 
93 days after birth. 893. 

Fic. 28. Interstitial cell of ovary. Virgin rabbit, 6 months old. x 893. 

Fic. 29. Interstitial cell of ovary. Rabbit in 14% day of first pregnancy. 
< 893. 

Fic. 30. Lutein cell of corpus luteum, same animal as for Fig. 29. >» 893. 
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ON THE STRUCTURE OF THE HUMAN UMBILICAL VESICLE. 


BY 
ARTHUR W. MEYER, 


From the Anatomical Laboratory of the Johns Hopkins University. 


WITH 5 TEXT FIGURES. 


In the history of embryology the discovery and interpretation of the 
yolk sac must always remain one of the most interesting chapters. The, 
to us, naive speculations as to its significance, at a time when “ anato- 
mists feared to make a thorough examination of ova and preferred rather 
to preserve them in alcohol,” lend a peculiar interest to the study of the 
early literature on this subject. Many of the embryologies and anato- 
mies of that time give much attention to the yolk sac, and it is not un- 
common to find several chapters devoted to the discussion. 

The credit for the first description of the human yolk sac seems to lie 
between Hoboken and Noortwyck. Wrisberg, however, gave the first 
accurate description of it, in full cognizance of the fact that what he 
described was a yolk sac comparable to the yolk sac of birds. The latter 
is referred to by Wrisberg as the “ vesicula erythroides ” of von Pockel, 
unconscious of the fact that von Pockel really described the allantois and 
not the yolk sac, as he believed. It is possible that Noortwyck was the 
first to recognize the yolk sac of the human embryo. Hoboken did not 
recognize it, and, according to Mayer, this was left for the great Albinius 
who first pictured a human embryo with the umbilical vesicle in situ. 
It was this fact which caused Zinius, in his monograph, to refer to the 
yolk sac as “de vesicula embryonis Albiniana.” Neither this designa- 
tion, nor that of “ vesicula alba” of Hunter, found favor, however, for 
both were soon displaced by the term “ vesicula umbilicalis ” first used 
by Blumenbach. 

Up to 1835 the greatest diversity of opinion existed regarding the 
functions of the yolk sac, and many interesting theories were advanced. 
Oken, while recognizing the meaning of the organ and demonstrating its 
occurrence in several of the mammalia, promulgated the idea that the 
intestine arose in the vesicle itself. Kieser, in 1810, claimed to have 
proven that the intestine develops in the yolk sac, and that it is then 
slowly taken into the abdomen. Van Ruysch and Ossiander, on the 
contrary, took it for an hydatid and a pathological formation respec- 
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tively. Mayer’s exhaustive monograph, which appeared in 1835, re- 
moved many of these misconceptions; though regarding its functions he 
says, “ueber den eigentlichen Zweck des Nabelblaschens schweben wir 
in ginzlicher Ungewissheit.” It is interesting to note, however, that 
most of the early investigators ascribed nutritive and hematogenous 
functions to it. 

The following study is based mainly upon eighteen normal human 
umbilical vesicles in the collection of Dr. Mall, to whom I am greatly 
indebted for the unrestricted use of his extensive collection of human 
embryos, and for many helpful suggestions. Besides these normal speci- 
mens, a number of pathological ones, and some taken from placente at 
birth, were examined. They were all stained in alum-carmine and im- 
bedded in paraffin. An endeavor was made to set the imbedded vesicle 
so that its long diameter, which usually lay in the same direction as the 
remnant of the umbilical stalk, was at right angles to the microtome 
knife. In all cases in which this was not possible, account was taken of 
the fact in the study of the sections. 

As the following table shows the size of the vesicles, not including 
those taken from placente at birth, varies from one to six millimeters in 
embryos from 11 to 110 days old: 


TABLE OF EMBRYOS AND ATTACHED UMBILICAL VESICLES. 


The numbered embryos in the first column refer to the cabinet of Dr. Mall. 


Length of Embryo Diam. of Vesicle Approx. Presence of 
in millimeters. in millimeters. age in days. tubules. 
Embryos of the Second Week. 
0.19 as None 
1.08 by 1.0 12 None 
1.00 by 1.5 13 Several 
b 1.00 ot Many 
v. Spee-Glle .........- 1.54 1.8 by 1.5 12 Many 
Embryos of the Third Week. 
INIOPUD face shais slop tarernardis:s | 1.5bylbyl 13 Several 
AMOS TS nie veratrine ste 3.0 2.5 15 No mention 
ING! (0) oc tape tsp 4.5 3.0 19 Many 
BiGyeVisssnaace esc epont 4.5 4.0 19 Some 
Embryos of the Fourth Week. 
Woah Gancocsacbospouc He 0 8 Setevciaters 26 None 
INGOs iactetieress en as i 7 by 4.5 by 4.5 26 Some 
Embryos of the Fifth Week. 
INF UB icone erste e ciele'e's 9 G by 4.5 by 4.5 30 Many 
INGOT GS Aeceecistaatedatensre 9 .2by 3.7 30 Some 
ISOs Wia5 aodb Geades =) a eres 30 Many 
INOS Tie wacyeeronmierccials 10 4 32 Macerated 
Embryos of the Fifth and Sixth Weeks. 
INOSaL Bierce rene 13 3.7 by 3 36 Many 
IMO WE Zanc | Aenanamose 14.5 5.5 by 5.3 38 Many 
INQ sb alersicterisrersrateiersie sore 18.5 4.7 by 4.5 42 Macerated 
Embryo over Six Weeks. 
INO) fo eicactactereie steieratcrs 20 5 by 2 by 2 43 Some 
INOS 1A bimeteleieiersttaeterets|s!> 33 4.5 by 4 by 2.5 57 Few 
INC BGHceoocose oor 38 4.8 by 3.5 by 3.5 61 None 
INO: 184s2eetecc aerate 50 5 by 4 by 3.9 70 None 
INOP ATU creewine ater 60 6.5 by 4.2 77 None 
INO yids etnisisenroemenmaanns 110 4.5 by 4 110 None 
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As all these measurements were made after preservation in alcohol, 
shrinkage must be borne in mind, although it is of no practical import- 
ance since estimations of age were not based upon them. 

The vesicles are usually pyriform in shape, somewhat flattened in one 
diameter, and slightly roughened by protrusion and ridges below which 
blood islands and blood vessels usually lie. A few specimens are smooth, 
inflated, translucent sacs without any outward sign of blood islands or 
blood vessels. Others are collapsed irregularly folded and filled with 
calcareous-like material. There is never any regularity in the folding 
of the vesicle, however. Usually the folds were present while the vesicle 
still lay between amnion and chorion; while in some cases they were pro- 
duced during the hardening and imbedding. In several of the inflated 
vesicles the blood vessels: are plainly visible throughout their entire 
length and can be seen entering the umbilical stalk. 

The umbilical stalk is present in the detached vesicles, as a short 
(5-15 mm.) stump only. It is thread-like, about .75 mm. in diameter, 
and never appears twisted. In cross sections the cavity of the vesicle 
can be traced up to the stalk, and after ending blindly a strand of char- 
acteristic entodermal cells can be traced for some distance towards the 
abdominal end; after which the lumen of the stalk reappears at varying 
intervals. This lumen, which never contains anything but a slight 
amount of amorphous material, is often completely occluded by the 
bounding entoderm. 

The stalk itself is composed of three layers in the greater part of its 
extent. On the exterior there is a thin layer of ccelomic epithelium 
(mesothelium) which continues indefinitely downward over the vesicle 
itself. In most vesicles it stops at the upper border, but in three speci- 
mens it forms a complete outer layer. The entodermal cells which 
bound the lumen have all the characteristics of those lining the vesicle 
itself, except for a slight decrease in size. Between these two layers 
mesoderm is found. Nearer the body of the embryo the latter usually 
predominates, while it is scarcely represented at all near the upper border 
of the vesicle. 


Besides these three layers the blood vessels form a conspicuous part 
of the umbilical stalk. They are not constant in number in various parts 
of the stalk. Sometimes three arteries and two veins are found, while in 
other cases one vein and two arteries are present. They can generally 
be distinguished by the character of their walls. The wall of the vein 
is formed by a single layer of very flat cells, while that of the arteries 
usually has an additional outer layer, composed of somewhat flattened 
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entodermal cells. This difference in structure, which is evident with 
the low power of the microscope, is found to disappear soon after the 
upper border of the vesicle is reached. In the structure of the walls 
of the blood vessels of the yolk sac itself there is never any difference as 
far as I am able to ascertain. The position of the vessels in both stalk 
and vesicle is usually well out towards the periphery, and in some cases 
only the eclomiec epithelium covers them. 

For the microscopic structure of the youngest umbilical vesicles refer- 
ence to the literature is necessary. Peters, in his monograph, gives the 
size of both embryo and vesicle as 0.19 mm. Unfortunately, the preser- 
vation of the umbilical vesicle of Peter’s ovum was not such as to prompt 
a detailed description of it. We are told, however, that it is composed 
of entoderm and mesoderm, and in the accompanying plate (Peters, Taf. 
III, Fig. 33) some contents containing globules and cells are represented. 
In this plate the lower half of the vesicle shows no clear demarcation 
between mesoderm and entoderm; while in the upper half a fairly clear, 
line of division between the two is indicated. The character of the 
mesodermal and entodermal cells is not given in the monograph, except 
that the latter are spoken of as “ unscheinbaren Entodermzellen.” Blood 
islands and blood vessels are not represented. 

In an embryo of 0.37 mm. described by Graf Spee a marked advance 
in the structure of the umbilical vesicle exists. In this case the ento- 
derm, which is one-layered, is composed of cubical cells, while the meso- 
derm is made up of irregular masses of cells with protrusions on the 
distal half of the vesicle, below which blood islands are found between 
entoderm and mesoderm. The latter is thus pushed out while the 
entoderm in these places is said to be more wavy, its cells of greater 
variety and stained more intensely. 

The distal part of Graf Spee’s embryo Gle (an embryo 1.54 mm. long) 
is said to be full of gaps—‘ ausserst liickenreich.”” Some of these gaps 
have an epithelial lining of flat cells of the nature of embryonic endo- 
thelium. Blood Anlagen are found in the wall of the vesicle only. In 
the proximal third of the latter the entoderm and mesoderm are thin 
and membranous, while in the distal two-thirds they are of varying 
thickness. The protrusions on the surface are said to be due to collec- 
tions of cells between.entoderm and mesoderm. It is of interest to 
note in this connection that Keibel states that the umbilical vesicle of an 
embryo 1.0 mm. long, described by him, is in every particular lke that 
of embryo Gle of Graf Spee. 

In the later article of Graf Spee, already referred to, he says that in 
embryos of three or four weeks the entoderm forms true glandular struc- 
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tures with small necks and large distal ends, which in embryos of nine 
weeks are branched and are found in all parts of the mesoderm. 

It is the chief object of this study to determine, if possible, the origin 
and fate of these glandular structures, and to throw some light upon 
their possible function. So far as I have been able to learn, Graf Spee 
was the first to mention and to describe them, and no one else seems to 
have suggested any explanation of their presence. These glandular 
structures, which for the sake of brevity T shall call tubules, are present 
in the walls of nearly all vesicles taken from embryos less than two 
months old in the collection of Dr. Mall. The vesicles of Nos. 11 and 
12 of this collection, embryos 0.8 mm. and 2.1 mm. respectively, are 
identical in structure. Both are in a state of good preservation, and 
their structure in cross section as represented in Fig. 1. 


mesoderm 


entoderm 


= 


bloodvessel _ 


Iie. 1. Umbilical vesicle of an embryo 2.1 mm. long (No. 12). x 35. 


In these vesicles a few small, short, empty, cylindrical tubules with 
narrow lumina surrounded by a single layer of rather large pyramidal 
cells, are clearly seen in the mesoderm close to the entoderm. These so- 
called glandular structures do not branch and can be traced through from 
two to five sections. They are not in connection with the entoderm and 
end blindly at both ends. 

A much better though a somewhat similar picture of these tubules is 
found in the vesicle of embryo No. 2, an embryo seven millimeters long. 
Here the number of tubules is considerably greater and a direct connec- 
tion between many of them and the entoderm exists (Fig. 2). In many 
cases the tubules end as evaginations of the entoderm and are thus in 
direct communication with the cavity of the vesicle. Others are indi- 
rectly connected with the entoderm by bands of entodermal cells, while 
still others lie isolated in the mesoderm. As shown in Fig. 3, all transi- 
tions are found from a slight evagination of the entoderm to closed 
tubules lying detached from the entoderm in the mesoderm. Although 
they can be traced through a series of fifteen to twenty-five sections they 
are never seen to branch. On the other hand the branching described by 


. 


160 The Structure of Human Umbilical Vesicle 


Graf Spee is well seen in a vesicle taken from an embryo thirteen milli- 
meters long. In such a vesicle (Fig. 4) we find an almost complete canal- 
ization of the mesoderm while the entoderm is but little changed. The 


Fic. 2. Umbilical vesicle of an embryo 7 mm. long (No. 2). X 35. 


tubules are much larger and longer and are formed by a layer of flat cells 
which often approach the cubical type. Contact of tubules is common but 
definite branching is infrequent. The lumina are wide and contain 


S-°;—mesoderm 
aA | 
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Fic. 3. Tubules from the vesicles of an embryo 7 mm. long (No. 2). X 35; (a) 


Simple evagination of entoderm—first stage; (b) Same, second stage; (c)Isolated 
tubule. 


confused masses of amorphous material similar to that found in the 
cavity of many of the younger vesicles. They never seem to open directly 
into the cavity of the vesicle, although often the entoderm only separates 
their lumina from it. They are of many sizes, shapes and lengths, and 
lie irregularly distributed in the mesoderm. When not in contact they 
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often have irregular masses of entoderm between them or are separated 
by mesoderm. Their abundance gives a striking appearance to sections 
of the vesicle which is well expressed by Graf Spee as “ dusserst liick- 
enreich.” It is worthy of note that the lumina of the tubules have 
greatly increased in diameter while the thickness of the bounding endo- 
thelium has, absolutely as well as relatively, decreased. In many cases 
the shape of the individual cells also has changed from cubical or pyram- 
idal to a membranous-like layer of greatly flattened cells. 

In older vesicles these tubules occur but rarely. This is usually the 
case in vesicles of the ninth and tenth weeks, although one vesicle taken 
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Fic. 4. Umbilical vesicle from an embryo 13 mm. long (No. 175). X 25. 


from a normal embryo of the fifth week has already reached the stage 
of those three or four weeks older. Generally these older vesicles have 
a very different structure than those of four or five weeks and contain 
masses of calcareous matter. 

It seems then that these tubules make their appearance during the 
second week, reach their greatest development by the fourth or fifth week 
and then gradually disappear by the eighth or ninth week. These 
stages are well represented in embryos Nos. 11 and 12; 113 and 175; and 
145, 176 and 184 respectively. This conclusion is at variance with the 
observation of Graf Spee on embryo Gile, but as the widest variations as 
to the presence, structure and size of these tubules exist the contradiction 
does not seem surprising. As a rule the only constant characteristic 
was their direction. This was almost invariably in the direction of the 
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long diameter of the vesicle, for only occasionally was a tubule cut at 
other than a slight angle to-its long diameter. Even when such was the 
case it could generally be accounted for by the fact that the plane of the 
microtome knife was not at right angles to the long diameter of the 
vesicle. 

In spite of the large amount of material at my disposal, I am unable 
to reach any satisfactory conclusion as to the meaning of these tubules. 
Their presence is not at all a constant one. Vesicles of the same age 
and size often present wide divergencies of structure which are hard to 
reconcile. I feel justified, however, in suggesting an explanation of the 
manner of formation, which an examination of the material at my dis- 
posal will, I think, corroborate. Two methods of formation can he 
distinguished: (1) evagination of the entoderm and (2) development 
from irregular extensions of entoderm into the mesoderm. That the 
first step in the formations of many tubules is a slight evagination of 
the entoderm, as Graf Spee has stated, is very evident. I have found 
all transitions between such a stage and perfect tubules lying isolated in 
the mesoderm. ‘This isolation can be readily brought about by a gradual 
deepening of the original evaginations accompanied by constriction and 
consequent fusion. This process seems to be further indicated by the 
occurrence of tubules which communicate with the cavity of the vesicle 
by their ends only, while others are closed at both ends and lie isolated 
in the mesoderm close to the entoderm. It seems highly probable to me 
that an active proliferation of the mesoderm might play a part in this 
separation of the tubules and their further removal to the periphery of 
the mesoderm. 

Even if correct, however, this explanation cannot account for those 
tubules in whose lumina masses of unmistakable mesoderm are found. 
This is the case in No. 22, an embryo twenty millimeters long. In this 
specimen there are striking evidences of the formation of tubules by 
proliferation from irregular extensions of entodermal cells. Such in- 
clusions of mesoderm might evidently result from tubule formation by 
invagination of the entoderm, but it is hard to find any satisfactory 
evidences of such a process of inclusion. That another method than 
that of evagination of the entoderm must have been followed, however, 
in the case of No. 22, is clearly indicated not only by the masses of 
mesoderm contained in the tubules, but especially by the fact that 
strands of mesoderm are found in various stages of inclusion by the 
entoderm. That an active proliferation of the entoderm into the meso- 
derm does occur, is further indicated by those specimens in which almost 
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the entire wall of the vesicle is composed of entoderm (Fig. 5), for in 
young specimens the entoderm is composed of a single well-defined layer 
of cells (Fig. 1). 

In embryos of the seventh to tenth week the entoderm and sometimes 
the tubules can be found in various degrees of degeneration. This is 
true of Nos. 145, 176 and 184, embryos of 33, 38 and 50 mm. long, 
respectively. As the mesoderm is generally increased in thickness in 
these specimens it seems as though the degeneration of the entoderm is 
accompanied by a proliferation of the mesoderm. The latter at this 
time takes on the characteristics of a streaked fibrous connective tissue, 
and becomes compacted. The degeneration of the entoderm is apparent 
not only in the inner layer which lines the cavity of the vesicle, but is 
seen especially well in the groups of entodermal cells which lie scattered 
throughout the mesoderm. In many cases the entodermal cells are rep- 
resented by granular detritus without any remnants of nuclei, while in 


Fic. 5. Umbilical vesicle from an embryo 7 mm. long (No. 18). x 25. 


other cases the cell outlines are faintly seen, and the nuclei are well pre- 
served. Large amounts of cellular detritus can be found in the cavity 
of such a vesicle, and it does not seem unlikely that the cell remnants 
found among the calcareous contents of vesicles taken from placentae at 
birth have this origin. This cellular detritus is especially well seen in 
Nos. 187 and 176, the cavities of which vesicles are almost completely 
filled with granular debris containing many large cells having the charac- 
teristics of entodermal cells. In older vesicles, those from embryos of 
sixty and one hundred millimeters, for example, we find, on the con- 
trary, a condition almost identical with that found in full-term vesicles, 
except that the walls of the latter are more compacted and look still more 
as though composed of mature fibrous connective tissue. 

The signs of degeneration in these older vesicles are not limited to 
the entoderm, however, for many of the blood vessels show marked degen- 
eration of their walls and of the nucleated red blood cells contained 
within. The vessels are often pigmented and without a proper lining. 
The pigment reminds one strongly of blood pigment and looks very 
much indeed like hematoidin. The entire absence of vessels in the old 
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vesicles and their extreme vascularity in the early stages alone seem 
sufficient to indicate a gradual degeneration. 

The walls of these vesicles, as already stated, vary greatly in thickness 
and in the character of the cells composing them (Figs. 2, 4,5). Usu- 
ally the greatest thickness is found at the distal end. Both entoderm 
and mesoderm are present in all vesicles except that of No. 187, below 
eight weeks of age. In these specimens the ccelomic epithelium in addi- 
tion extends over the entire surface of the vesicle. This envelope is 
invariably composed of a single layer of very much flattened cells with 
elongated nuclei. 

The mesoderm also presents great variations in thickness, though not 
in the character of its cells. These cells, though cuboidal or cylindrical 
in a few instances, not infrequently look like embryonic connective-tissue 
cells in the young vesicles, while in those of ten weeks and older it has 
the characteristics of fibrous connective tissue, as already noted. In 
these specimens it is denser, and stained more deeply near the cavity of 
the vesicle. The tubules and blood vessels invariably lie in the meso- 
derm, but are frequently surrounded by extensions or by groups of ento- 
dermal cells. In younger vesicles the blood vessels and blood islands 
usually cause an elevation of the mesoderm above the points where they 
jie: 

The entoderm is composed of a single layer of cuboidal, pyramidal, 
and exceptionally in a small area, of cylindrical cells in vesicles of two 
to four weeks, but is absent in those over seven weeks of age. In a few 
specimens no distinct demarcation between entoderm and mesoderm can 
be found, though usually they are clearly defined in all the younger 
vesicles (Fig. 1). 

A series of six umbilical vesicles taken from placente at birth were 
found almost identical in strueture with the vesicles of Nos. 184, 171 and 
X. The walls of these vesicles are composed of a dense, wavy layer of 
fibrous connective tissue of varying thickness, which blends more or less 
with amnion and chorion. The cavity contains an irregular mass of 
calcareous matter among which cell remnants are plainly visible. Even 
those vesicles which are inflated sacs contain a small amount of caleareous 
matter, while those which are compressed and irregularly folded contain 
a firm mass of calcareous substance, which completely fills the cavity of 
the vesicle. Remnants of the early blood vessels or of tubules are never 
found nor can any recognizable remnants of the entoderm be detected. 
Unless, as previously suggested, the cells lying among the calcareous 
matter have this origin. The striking similarity between the structure 
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of these vesicles and those from embryos of the third month plainly 
shows that the condition of the vesicle as found at birth is reached early 
in the life of the embryo. 

The occasional large size of the umbilical vesicle in full-term placente 
which contained a normal foetus, is very remarkable. I have seen vesi- 
cles that measure fifteen by ten millimeters. Such occurrences are hard 
to reconcile with the supposition that the umbilical vesicle reaches its 
greatest development in the fourth week. Nor is it easy to see how 
mechanical forces can produce these large inflated vesicles. The only 
suggestion that occurs to me without further study of full-term vesicles, 
is that hypertrophy takes place at the time when the transformation of 
the wall of the original vesicle into fibrous connective tissue occurs. 
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The interstitial cells of Leydig furnish such a striking feature in the 
testis of mammalian embryos that one is surprised to find that their 
development has received very little study. Doubtless this is due to 
the fact that embryologists in their investigations of the development of 
the testis have had their attention focused upon the much more important 
subject of spermatogenesis. 

These cells have been known for a long time. Leydig discovered 
them in 1850, and stated that they were a constant constituent of the 
mammalian testis. He regarded them as connective-tissue cells, and 
classed them with fat and pigment cells. This view was adopted by 
Koelliker in 1854. Boll, 69, observed an intimate relation between them 
and the blood vessels, and believed that Leydig’s cells composed the walls 
of capillaries. Von Ebner, 71, studied them in several mammals, and 
concluded that they were “a peculiar form of connective tissue.” F. 
Hofmeister, 72, seems to have been the first to approach the problem of 
the nature of these cells by a sttdy of embryonic material. Examining 
the testis of human embryos at four and seven months, he found that 
Leydig’s cells constituted about two-thirds of the bulk of the gland in 
the embryo of four months, and only about one-tenth in that of a boy 
about eight years old; at puberty they were greatly increased in number, 
and contained much fat and pigment. He too regarded the interstitial 
cells as connective tissue, and thought that he could detect transition 
forms between them and the fixed connective-tissue cells. Waldeyer, 74, 
classed them with his plasma cells, but later regarded them as perithelial. 
Harvey, 75, noticed, as others had done, their resemblance to nerve cells, 
and advanced the view that they were derived from the sympathetic 
nervous system. This view, however, has been discredited by all writers 
on the subject. 
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Hansemann* regards it as certain that Leydig’s interstitial substance 
belongs to the connective-tissue group, because he believed he could 
demonstrate an intracellular substance with Van Gieson’s stain. He 
made the interesting observation that in the hibernating marmot no 
Leydig’s cells were present, and that evidences of spermatogenesis were 
also lacking during that period; whereas in the waking animal the cells 
were present in such large numbers as to produce a picture resembling 
large-celled sarcoma. These observations, together with those of others 
upon fat and pigment contained in the cells, lead him to conclude that 
Leydig’s cells constitute a distinct organ. 

In 1896, Fr. Reinke* made the discovery of erystalloids in Leydig’s 
cells. He found that these bodies were absent before puberty, present 
in lar ge number during active sexual life, and again absent in old age. 

Von Bardeleben,’ from whose article the references to the earlier litera- 
ture were taken, studied Leydig’s cells in the testes of criminals, the 
organs being removed immediately after execution. He was impressed 
by the epithelial appearance of the cells, and noted that the cell-margins 
were not smooth, but rather serrated—the expression of intercellular 
bridges connecting adjacent cells. He found no intercellular substance, 
properly speaking, and no mitotic figures, though frequently he saw evi- 
dences of direct division. He thinks that Leydig’s cells are almost iden- 
tical in appearance with the Sertoli cells of the seminal tubules, and be- 
lieves that they are in fact youthful forms of Sertoli cells. They are 
capable, he says, of passing through the walls of the tubules, there to 
become Sertoli cells and take the place of such as are worn out in the 
performance of their function. In the last analysis, according to him, 
Leydig’s cells are epithelial in nature, and are derived from the germinal 
epithelium. 

J. Plato * describes minute canals in the walls of the seminal tubules 
through which, he thinks, fat and pigment from the interstitial cells 
stream into the Sertoli cells, to be used as pabulum in spermatogenesis. 
To support this hypothesis he undertook a study of the development of 


1Ueber die grossen Zwischenzellen des Hodens. Arch. f. Anat. u. Physiol., 
Leipzig, 1895, Physiol. Abth., p. 176. 

* Beitraege zur Histologie des Menschen. Arch. f. mikr. Anat., Bonn, 1896, 
Bd. XLVII, p. 34. 

* Beitraege zur Histologie des Hodens und zur Spermatogenese beim Men- 
schen. Arch. f. Anat. u. Physiol., Anat. Abth., Supplement-Band, Leipzig, 
LSS. ps 193¢ , 

* Die interstitiellen Zellen des Hodens und ihre physiologische Bedeutung. 
Arch. f. mikr. Anat., Bonn, 1897, Bd. XLVIII, p. 280. 
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Leydig’s cells in cat embryos,’ using unstained sections of material fixed 
in Hermann’s fluid. He begins his observations with the embryo of 
seven weeks, which, we may note, is quite a late stage. Here he finds 
Leydig’s cells in all stages of transition to fixed connective-tissue cells, 
the transition proceeding from the neighborhood of the blood vessels 
towards the seminal tubules. He could find but one Leydig’s cell con- 
taining a mitotic figure. Fat is present only in minute droplets. ‘In 
the embryo at term the Leydig’s cells are in close apposition with the 
walls of the tubules, and their nuclei are eccentric in position; drops of 
fat are present in the portion of the cell-body which lies opposite the 
nucleus. The subalbugineal layer of Leydig’s cells is quite thick. In 
the newborn cat the subalbugineal layer of cells has almost vanished, 
owing to the increase in length of the tubules. Fat is wanting in mgny 
of the cells, which present, therefore, a spongy appearance. He con- 
cludes that Leydig’s cells are developed from the connective tissue which 
accompanies the blood vessels of the testis, somewhat after the manner 
of typical fat cells, and regards them as trophic nurse-cells (“‘ trophische 
Huelfzellen ”), whose function is to pass their specific inclusions into 
the seminal tubules. 

M. v. Lenhossék” confirms, in the main, the observations of Reinke 
as to the crystalloids. He is inclined to regard the interstitial cells as 
epithelial. He thinks that the presence of crystalloids in them and 
the absence of connective-tissue cells elsewhere in the body similar to 
them are decided evidence against the opinion which classes them with 
the connective tissues. He advances the theory that they are unused 
remains of the germinal epithelium, and that their function is to store 
up pabulum, which they give over on demand to the seminal tubules. 

H. Beissner, in an article intended mainly as a refutation of the 
opinions of Plato, calls attention to the work of M. Nussbaum in 1880. 
' The latter held that the nests and strands of Leydig’s cells were invested 
by a membrane similar to the wall of the seminal tubules, so that one 
‘might compare them with the Pflueger’s tubules of the ovary. He sug- 
gested that they were groups of germinal epithelium which had stopped 
developing at an early stage—a suggestion somewhat like that of v. Len- 
hossék. 


> Zur Kenntniss der Anatomie und Physiologie der Geschlechtsorgane. Arch. 
f. mikr. Anat., Bonn, 1897, Bd. I, p. 640. 

° Beitraege zur Kenntniss der Zwischenzellen des Hodens. Arch. f. Anat. u. 
Physiol., Leipzig, 1897, Anat. Abth., p. 65. 

™Die Zwischenzellen des Hodens und ihre Bedeutung. Arch. f. mikr. Anat., 
. Bonn, 1898, Bd. LI, p. 794. 
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Among recent text-books of histology, Boehm and Davidoff state that 
Leydig’s cells “are probably remains of the Wolffian body”; Szymo- 
nowicz says that we must assume that they are connective tissue. 

Thus it appears that there are two principal views as to the histological 
nature of Leydig’s cells. According to the one, they belong to the 
connective tissues (Leydig, Koelliker, v. Ebner, Hofmeister, Hanse- 
mann, Plato) ; according to the other, they are epithelial cells derived 
from the germinal epithelium (Nussbaum, v. Bardeleben, v. Lenhossék). 
It also appears that these views are, in the main, deductions from the 
study of adult conditions. It is worthy of note that the two investi- 
gators who have made a special study of the subject in mammalian 
embryos, Hofmeister and Plato, both conclude that Leydig’s cells are 
derived from the interstitial tissue of the primitive testis. Their inves- 
tigations, however, are incomplete, in that they were not made upon a 
series of embryos extending into the early stages, but upon a few 
isolated examples in the later stages of development. 

As my work upon this subject was nearing its completion, there ap- 
peared a preliminary account of a study of the embryology of the ovary 
and testis by Bennet M. Allen,* carried out upon pig and rabbit embryos, 
in which the following statements are made concerning the interstitial 
cells: “The connective-tissue elements of ovary and testis are derived 
from the peritoneum. In early stages they are not distinguishable from 
the cells which make up the sex-cords, except that the latter are marked 
off from the stroma by their membrana propria . . . the albuginea is 
largely formed by the actual transformation of the basal parts of the 
sex-cords into connective-tissue elements. The interstitial cells are char- 
acterized by a large nucleus, distinct cell-boundaries, a centrosome and 
centrosphere, and very granular cytoplasm. They first appear in the 
stroma of both ovary and testis of the pig of 2.5 cm. length. They are 
far more numerous in the testis than in the ovary. Their appearance 
is coincident with that of a large number of fatty globules in the peri- 
toneum and sex-cords. In the testis they persist for a long time... . 
In both organs they divide by mitosis. This process soon ceases in the 
ovary, while in the testis, on the other hand, division figures are found 
in the interstitial cells at a stage as late as the 7.5 cm. embryo. In the 
testis of the 15 em. embryo they (the interstitial cells) have begun to 
degenerate. This process manifests itself in a shrinkage of the cyto- 
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plasm.” “In the ovary of the 85 day rabbit they are very common, 
their origin from the theca interna of atretic follicles being clearly 
shown. ‘This, taken in connection with the additional fact that they 
make their appearance in the 2.5 em. pig embryo coincident with the 
fatty degeneration of the germinative cells of the seminiferous tubules 
and their ovarian homologues, together with that of many cells of the 
germinal epithelium, would lead us to conclude that cell-degeneration 
offers the stimulus or condition that brings about the formation of the 
interstitial cells.” 

The observations about to be described were made upon pig embryos. 
The material was fixed principally with Zenker’s fluid, and stained with 
hematoxylin and Congo-red, iron-hematoxylin and Congo-red, and by 
Mallory’s method for connective tissue. A series was fixed in Flem- 
ming’s fluid, and studied either stained with iron-hematoxylin or un- 
stained. Another series was used for frozen sections and staining with 
Sudan III. Also a few other methods were employed for special pur- 
poses. 

It should be remarked at the outset that the theory that Leydig’s cells 
are derived from the epithelium of the Wolffian body cannot obtain in 
the pig; for in this animal Leydig’s cells appear before connection has 
been made between the epithelial constituents of the testis and Wolffian 
body. Furthermore, in the case of the pig, at least, the tubules of the 
rete testis grow into the Wolffian body and establish connection with 
the Bowman’s capsules of the glomeruli, and not vice versa. In this 
connection see also J. B. MacCallum: Notes on the Wolffian Body of 
Higher Mammals; Amer. Jour. Anat., Balt., Vol. I, No. 3, p. 245; and 
the article of Allen previously referred to. 

As I find myself in accord with the conclusion of Allen, that the inter- 
stitial tissue of the testis is derived from the peritoneum, meaning there- 
by the mesothelium of the genital ridge, I may omit the account of my 
study of the earlier stages, and proceed to the description of the inter- 
tubular tissue of the testis in the pig of 22 or 23 mm., a stage imme- 
diately preceding the appearance of Leydig’s cells. 

In the pig of this length the testis may readily be identified, as the 
rudiments of the tunica albuginea and the mediastinum are fairly dis- 
tinct, the primitive seminal tubules are well defined, and their basement 
membrane is formed. The intertubular spaces in the more central por- 
tions of the gland are, on the whole, larger than those near the periphery. 
In the latter situation they consist mainly of capillaries derived from 
vessels of the albuginea, whereas in the former case they are as wide 
as, or even wider, than the tubules, owing to the presence in considerable 
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quantity of a loose cellular tissue. The constitution of this tissue is 
shown very well by Mallory’s stain. In sections thus stained (Fig. 1) 
it is seen to be composed of a mixture of cells and fibrils. The cells 
often have little or no cytoplasm, some appearing to be mere naked 
nuclei; but others show a collection of cytoplasm at one pole. The 
nuclei are spherical or ovoid, except when closely packed together, in 
which case they incline to the spindle-shape. They contain much 
nuclear sap in which is a network of chromatin; and usually there is a 


Fic. 1. Pig 22 mm. Shows the structure of the intertubular tissue. Mallory’s con- 
nective-tissue stain. 800. 


quite distinct nucleolus. Mitotic figures are present here and there. 
The cells or nuclei are imbedded in a network of fibrils which take the 
aniline-blue of the stain. It seems clear that this tissue is a young 
connective-tissue syncytium in the sense of Mall.’ In all essentials it 
is quite similar in structure to the deeper layers of the albuginea, with 
which it is continuous, and to the mesenchyme in general. 

Leydig’s cells were first definitely encountered in embryos 24 mm. 
long. In the sections they appear scattered about in the intertubular 


°On the Development of the Connective Tissues from the Connective-Tissue 
Syncytium. Amer. Jour. Anat., Balt., 1902, Vol. I, No. 3. 


R. H. Whitehead 173 


spaces, sometimes singly, sometimes in small groups, without any very 
regular order as regards the other constituents of the testis, except that 
they are most numerous in the more central intertubular spaces; at this 
time there are very few, or none at all, immediately under the albuginea. 
Some of them show mitotic figures. They frequently arrange them- 
selves along the basement membrane of the tubules. In size and shape 
they vary greatly (Fig. 2); some are spindle-shaped with the nucleus 
near the center of the spindle; some are oval with the nucleus in the 
larger end, while at the opposite end the cytoplasm tapers to a process; 
some are irregularly oval or spindle-shaped, while others are polygonal 
with eccentric nuclei. The difference-in size is due principally to vary- 
ing amounts of cytoplasm. Their nuclei are quite similar to those of 
the cells which compose the intertubular tissue of the pig of 22 mm. and 
stil compose the larger part of it in the pig of 24 mm. The nuclei of 
the Leydig’s cells are perhaps larger and more spherical, and may stain 
more deeply, but in general they are indistinguishable from those of 
the other cells in the intertubular spaces. The cytoplasm is very gran- 
ular, and stains well with acid dyes, so that the cells stand out very 
distinctly. They are markedly branched. Im sections stained with 
hematoxylin and eosin the cell-margins may appear quite smooth; if 
Congo-red be employed as the cytoplasmic stain, some notion of the branch- 
ing may be obtained, but Mallory’s method for connective tissue shows the 
branches. best (Fig. 2). The branches 
vary much as to size. It is difficult, fre- 
quently, to determine whether they 
merely interlace with one another or are 
in actual continuity; in some places, 
however, the latter relation seems clear 
enough to justify the conclusion that, at 
first, Leydig’s cells form a syncytium. 
Figures two and three are taken from 
rather marked examples of this condition. 

5 


=i EC =H z pies Fic. 2. Pig 2; mm. A group 
5; os 4 
In addition to thus forming syncytium, MRGUAE ‘Wegdies. cella Mae 


penile) Gi ihe Sprocesses seem 10 bexconey mere. connectivertiseue: stain. 


tinuous with the exoplasmic network of 

the fixed connective-tissue cells. Thus practically the only difference 
between the young “ interstitial substance” of Leydig and the inter- 
tubular tissue of the preceding stage is the greater amount of cytoplasm 
possessed by the former; even the syncytial arrangement is retained for 
a short time. Hence the conclusion is drawn that Leydig’s cells are de- 
rived from the cells of the intertubular tissue, which, as we have seen, 
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is a mesenchymal structure differing in no essential from the mesenchyme 
in general. 

During the next succeeding stages a number of interesting changes 
may be noted. The Leydig’s cells undergo rapid increase both in num- 
ber and size, so that they soon come to be the predominating constituent 
of the intertubular spaces. The fixed connective-tissue nuclei, on the 
other hand, become smaller and relatively much less numerous. The 
increase in the number of the Leydig’s cells is due, in large measure, to 
karyokinesis, as mitoses are fairly abundant; but doubtless it is also 
due, in part, to the continued conversion of mesenchyme cells into 
Leydig’s cells. These cells now begin to assume a fairly typical form; 
the majority of them are polygonal, and the nucleus, spherical in shape 
and eccentric in position, contains much chromatin and a large nucleolus. 
Various other shapes, however, are observed which seem to be due to 
mechanical conditions. Occasionally they are arranged alongside the 
tubules, so that the latter in cross section appear surrounded by a sheath 
of Leydig’s cells outside of 
the basement membrane. 
Soon after they are first seen 
in the more central intertub- 
ular spaces they begin to 
make their appearance under 
the albuginea, where they 
rapidly increase, particularly 
large masses being found 
along the points of attach- 
ment of the septa. During 
this time also the branches 
begin to disappear, and soon 
there is no evidence of a 
syncytial arrangement. This 
change seems to occur last in 
the subalbugineal cells; quite 


Fic. 3. Pig 3.5 cm. A group of Ley- a marked branching can 
dig’s cells from just beneath the albuginea. A A : 
delicate reticulum is forming. C.B., centro- sometimes be made out in this 
sphere B.,; Mallory’s connective-tissue stain, : a : 

x 800. situation in even as late a 


stage as the embryo of 3.5 cm. 

At the stage of 3.5 em. (Fig. 3) the Leydig’s cells present the greatest 
size to which they attain in the early embryo, and are very striking ob- 
jects in preparations made by Mallory’s method, which can be used so 
as to give a fair differential stain. They are very granular, and the 
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cytoplasmic network is much looser at the periphery of the cell than it 
is around the nucleus; the meshes of the net seem to have been dis- 
tended, and the coarse granules are very apparent at the nodal points. 
As will be seen later, the same appearance, but in a much exaggerated 
degree, is found in the last stages of the embryonic development of these 
cells. During this period also the fixed connective-tissue cells begin 
to build a delicate reticulum (Fig. 3). 

Following the stage shown in the embryo of 3.5 em. there is a pro- 
gressive decrease in the size of the Leydig’s cells, the process affecting 


Fic. 4. Pig 5.5 cm. A group of tubules and an intertubular space. A quite per- 
fect reticulum for the Leydig’s cells has been formed. C.B., centrosphere B.; Mal- 
lory’s connective-tissue stain. x 800. 


both the cell-body and the nucleus, though the change is more marked 
in the former (Figs. 4 and 5). There is much condensation of the 
cytoplasmic network, together with actual disappearance of cytoplasm. 
This process reaches its acme in the pig of 14 cm (Fig. 5), where many 
of the cells are reduced to their primitive condition of almost naked 
nuclei. This change was noted by Allen (loc. cit.), but the term 
“ degeneration” employed by him scarcely seems appropriate; atrophy 
would doubtless be a more appropriate term. This atrophy, we shall 
see, is merely temporary. Very few intertubular spaces can be found 
which are as wide and contain as many and as large Leydig’s cells as 
the one represented in the figure; they are very scanty also beneath the 
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albuginea. Between the tubuli recti, on the other hand, in which situation 
the intertubular spaces are much wider, they are larger and fairly 
numerous. A possible explanation of the atrophy of Leydig’s cells is 


Fic. 5. Pig 1; em. The tubules are much larger, the spaces and the Leydig’s cells 
much smaller than in preceding stages. Mallory’s connective-tissue stain. x 800. 


suggested by a study of the growth of the seminal tubules. During the 
time the Leydig’s cells are atrophying the tubules are growing rapidly, 
especially in length, and become markedly 
convoluted, thus reducing the width of the 
intertubular spaces, especially of those sit- 
uated beneath the albuginea (Fig. 6). 
This, taken in connection with the fact 
that the cells of the subalbugineal region 
and in the narrow intertubular spaces are, 
for the most part, spindle-shaped, would 
indicate that mechanical pressure exerted 
Fic. 6. Pig 1) cm. Tubules by the growing tubules is a possible factor, 
and | intertubmar tines stan. at least, in the atrophy of the Leydig’s 
at cells. On the other hand, it might be 
argued that the atrophy of the Leydig’s cells, by removing a physiological 
resistance to growth, brings about the increased growth of the tubules. 
From the stage of 14 cm. to that of 20 em. Leydig’s cells show little 
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appreciable change, and seem to remain passive. After the latter length 
is passed, however, they enter upon a phase of activity, the most marked 


histological evidences of which 
are their great increase in size and 
extreme vacuolation. As _ this 
phase reaches its maximum in the 
embryo of 28 cm., just before term, 
J may pass at once to the appear- 
ances presented there. A compar- 
ison of Fig. 7 with Fig. 6 will serve 
to show the great change which has 
taken place as seen under a low 
power of the microscope. The in- 
tertubular spaces are now very 
wide and packed with large Ley- 
dig’s cells, which are divided off 
into lobule-like groups and col- 
umns by capillaries. Under the 
high power (Fig. 8) the cells 


Fic. 7. Pig 28 em. The intertubular 
spaces much wider than in figure 6 and 
packed with large Leydig’s cells. Hema- 
toxylin and Congo red. x 70. 


are polygonal with well defined cell-margins, though occasionally these 
may be indistinct. The nuclei are eccentric in position, and there is a 


Fic. 8. Pig 28 cm. A small group of Leydig’s cells. g, granules; O.B., centrosphere 
B.; r, reticulum cells. Mallory’s connective-tissue stain. x 800. 


striking difference in the structure of the cytoplasm in different parts 
of the cell. In the vicinity of the nucleus it is condensed, whereas at the 
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periphery, especially on the side opposite to the nucleus, the cytoplasm 
is extremely vacuolated. Some of the vacuoles may be spherical with 
smooth boundaries, but many of them are irregular in shape with ragged 
margins, due to projecting strands of cytoplasm. The vacuoles contain 
no visible substance in material fixed with Zenker’s fluid. Their form 
alone would almost warrant the conclusion that they are not fat-vacuoles, 
and the special tests with osmic acid and Sudan III furnish no evidence 
of fat in them. Cells containing acidophile granules of about the size 
of the eosinophile granules of certain leucocytes are of not very rare 
occurrence (g in Fig. 8); they are situated in the condensed cytoplasm 
of the vicinity of the nucleus. Columns of cells are often separated by 
wide empty spaces, the reticulum is loosened, and one gets the impres- 
sion that in life the tissue must have been bathed in fluid. The histo- 
logical appearances suggest a condition, not of degeneration, but rather 
of active metabolism; the cells which were so greatly atrophied in the 
pig of 20 em. have entered here upon a phase marked by increase both 
of size and of physiological activity. It should be stated here that I 
was not able to demonstrate mitoses in the Leydig’s cells of pigs longer 
than 7 cm., nor could I feel sure that they multiply by direct division ; 
so that I shall have to leave open the question whether or not new Ley- 
dig’s cells are formed in the later stages by cell-division. I do not think, 
however, that there is any doubt but that the atrophied cells found in 
the pig of 20 cm. are quite able to develop into the large cells of the pig at 
28 cm.; for the steps of the process can easily be followed in a series 
of embryos. In this connection we may recall the finding of Hansemann 
(loc. cit.) in the marmot. 

Observations on the Centrospheres.—In the early stages Leydig’s cells 
present two structures in their cytoplasm with great regularity and con- 
stancy (Fig. 9). One of them (C. A. in the 
figure) is a large sphere, containing a small 
body at or near its center, from which delicate 
radiations proceed toward the periphery of the 
sphere. This periphery is formed by small 
granules in a row. The sphere is always sit- 
uated in the immediate neighborhood of the 
Fic. 9. Pig 27 mm. Two nucleus, sometimes at an indentation in the 


Leydig’s cells. C. B., cen- ; 
trosphere B; 0.A., centros- nucleus. The second structure (C. B. in the 


sphere A; Mallory’s con- ; anak 
nective-tissue stain. x 800. figure) is also a sphere, containing a central 

body, but it differs from the first structure 
in several particulars. The sphere is smaller, but the central body is 


many times larger than that of the first structure. With the highest 
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power of the microscope at my command, the sphere contains no radia- 
tions, though sometimes there are a few minute grains in the clear space 
around the central body. The latter, as was said, is much larger than 
that of the first sphere; it is not homogeneous, but seems to be consti- 
tuted by an aggregation of granules. Its outline frequently is circular, 
but often it is irregular and its periphery uneven, and its size is variable. 
This sphere is almost always at some distance from the nucleus, though 
when it alone is found in a cell, it may be near the nucleus. The central 
bodies of both spheres stain with iron-hematoxylin; also Mallory prepa- 
rations show them quite clearly, and they are readily made out in un- 
stained sections of Flemming material. The great majority of Leydig’s 
cells seen in the early stages present one or the other of these structures, 
and a great many of them show both at the same time, so many, indeed, 
that I think both may be regarded as normal constituents. Their mor- 
phology, staining reactions and constancy make it possible that both 
are centrospheres, and I shall call them such. The point, however, 
which I should like to emphasize is that the first structure—the large 
sphere with the small centrosome—is not permanent, but soon disap- 
pears; it could not be found in embryos of greater length than 3 cm. 
The second centrosphere, however, persists, and is found in all the suc- 
ceeding stages of embryonic development (Figs. 3, 4, 8); even in the 
atrophied cells of the pig at 14 em. they still can be demonstrated. In 
the later stages, however, the centrosome often seems smaller, more 
homogeneous, and more regularly circular in outline (Fig. 8); the 
sphere is usually smaller and its wall more homogeneous in appearance, 
so that the whole structure somewhat resembles a vacuole with a hyaline 
content. 

The Occurrence of Fat.—The occurrence of fat in the seminal tubules 
and Leydig’s cells of various mammals has been noted by several ob- 
servers. Allen (loc. cit.) bases a theory upon the presence of fat in the 
primitive seminal tubules and germinal epithelium, suggesting that fatty 
degeneration of these cells may furnish a “ stimulus or condition which 
brings about the formation of the interstitial cells.” 

For the study of this subject I used material fixed in Flemming’s 
solution, employing unstained sections as well as sections stained with 
iron-hematoxylin. Owing to the doubts which have been raised as to 
the reliability of osmic acid as a test for fat, the results thus obtained 
were controlled by frozen sections stained with Sudan III. In the 
germinal epithelium of pigs from 2 em. to 4 cm. it was not possible to 
demonstrate any fat with either osmic acid or Sudan III. In all these 
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stages there are many cells of the germinal epithelium loaded with large 
granules, but as will be seen later, they certainly are not fat. 

With respect to the primitive seminal tubules it was found that sec- 
tions of Flemming material, stained with iron-hematoxylin, showed 
many black particles, whereas the same material unstained showed very 
few, or none at all, until the length of 3.5 em. was reached. It was not 
until a still later stage was reached that fat could be demonstrated with 
Sudan III. Making allowances for imperfection of technique, it hardly 
seems possible that fat could have been present in such large quantity 
as to constitute a veritable fatty degeneration, and have escaped detection 
by both the osmic and the Sudan III, especially as each reagent gave 
good results in later stages. In the light of recent studies of fat meta- 
bolism the presence of some fat in these cells would not seem patho- 
logical. In pigs of 8 em. fat is present in the seminal tubules in the 
form of quite distinct globules, and remains present in that shape 
through all the remaining stages of their embryonic development. 

In the case of the Leydig’s cells I could not positively demonstrate a 
fatty content in pigs under 14 cm. in length. Small globules of fat 
appear a little later, and are fairly abundant in the Leydig’s cells of the 
28 cm. embryo. In all cases they are minute droplets situated in the 
vicinity of the nucleus, and not in the vacuoles previously described. It 
may be noted here that Plato (second reference) found very little fat 
in the Leydig’s cells of the wild boar. 

The Granules of the Germinal Epitheluum.—As previously stated, 
many of the cells which compose the germinal epithelium in pigs of the 
various lengths from 2 cm. to 
4 em. are loaded with large gran- 
ules (Fig. 10). While they were 
first noticed in sections prepared 
by Mallory’s method, they are 
quite distinct in all the different 
methods employed. In unstained 


_ Fic. 10. Pig 25 mm. Peritoneal epithe- 
lium with ararulee. Iron hematoxylin and sections they appear as colorless, 


Congo red. x 800. 
homogeneous, glistening, more or 


less circular bodies. ‘They are unaffected by agents which dissolve fat, 
such as ether and absolute alcohol. In preparations stained with iron- 
hematoxylin they appear intensely black. They also stain well with 
the aniline-blue in Mallory’s method, and in general are acidophile, 
though they can be stained faintly by gentian violet in Weigert’s 
method for fibrin. Occasionally a group of them is seen in a cell which 
has wandered down from the germinal epithelium into the albuginea; 
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and once, in a pig of 3.5 cm., a small collection was seen in a Leydig’s 
cell just beneath the albuginea. They are not yolk granules, for they 
do not stain with osmic acid, and no similar granules are seen in the 
cceelomic epithelium elsewhere. A probable explanation of their nature 
is furnished by the changes which occur in the germinal epithelium at 
this time. Its cells become vacuolated, and are soon reduced to the 
squamous cells which cover the tunica vaginalis. So that the granules 
found in the cells while these changes are going on are probably the 
products of a hyaline degeneration of the cytoplasm. 


SUMMARY. 


The intertubular tissue of the testis of the pig embryo in stages imme- 
diately preceding the appearance of Leydig’s cells is a mesenchymal 
structure derived from the mesothelium of the genital ridge. Histo- 
logically, it is a connective-tissue syncytium, consisting of cells and an 
exoplasmic network of fibrils. The cells are scarcely more than naked 
nuclei, though some have a small collection of cytoplasm at one pole 
(fire. 1). 

From the cells of this tissue Leydig’s cells are developed by growth 
of cytoplasm. At first they are markedly branched ; some of the branches 
are connected with the general exoplasmic network, while others unite 
with one another to form a network, so that the cells retain the syncytial 
arrangement of their ancestors (Figs. 2 and 3). They increase in 
number and size very rapidly, and soon lose their branches. At first 
they may have various sizes and shapes, but one form soon predominates. 
Such a typical Leydig’s cell is polygonal, its cytoplasm is very granular, 
and its nucleus is eccentric and contains a large nucleolus. Mitotic 
figures can be seen in all the earlier stages. 

Leydig’s cells pass through two phases of growth, between which a 
_ phase of atrophy intervenes. Growth is very rapid from their appear- 
ance in the embryo 2.4 cm. long until the length of 3.5 cm. is reached. 
This is followed by the phase of atrophy, during which the cells return 
almost to their first state of nearly naked nuclei (Figs. 4 and 5). This 
process reaches its acme in the embryo 14 cm. long. Synchronous with 
it there is extensive growth of the seminal tubules, particularly in length, 
so that they are much convoluted, and the intertubular spaces are cor- 
respondingly narrowed (Fig. 6). In the embryo 20 em. long the cells 
enter upon the second phase of growth, which attains its maximum in 
the pig of 28 cm., very near to term. Here the cells are enormously 
increased in number and size, so that they constitute the predominating 
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feature of the microscopic picture (Fig. 7). The nucleus is eccentric 
in its position; around it the cytoplasm is condensed, while at the 
periphery of the cell, especially at the opposite pole from the nucleus, 
it is extensively vacuolated (Fig. 8). Many of these vacuoles are irreg- 
ular in shape with ragged margins, and none of them contain fat. The 
appearance of the cells suggests that they have been bathed in fluid. 

In unstained sections of material fixed in Flemming’s fluid no dark- 
brown particles were observed in the seminal tubules of pigs of less 
length than 3 em.; with Sudan III no fat could be demonstrated in 
the tubules of pigs of less length than 8 cm., after which stage it was 
constantly present in the shape of globules. The germinal epithelium 
contains no appreciable amount of fat, the granules observed there 
being of an entirely different nature. We conclude, therefore, that 
there is no fatty degeneration of the seminal tubules and germinal 
epithelium in the early stages of the development of the pig’s testis, 
and that, consequently, the hypothesis which attributes the growth of 
Leydig’s cells to fatty degeneration in these situations is incorrect. 

No fat could be demonstrated with osmie acid or Sudan III in Ley- 
dig’s cells of embryos shorter than 14 em. After this stage it was found 
in the shape of minute droplets situated in the cytoplasm near the 
nucleus, but not in the large vacuoles. 

In the young Leydig’s cells two structures are found, which, from 
their morphology and staining reactions, may be classed as centrospheres 
(Fig. 9). Never more than one of each kind is present in the same cell, 
but the same cell often contains both at the same time. The large sphere 
with the small centrosome is soon lost, while the small sphere with 
the large centrosome persists through the whole period of embryonic 
development, though it undergoes certain changes in the late stages. 

In pigs from 2 em. to 4 em. long many cells of the germinal epithe- 
lium are loaded with large granules (Fig. 10). They are hyaline 
material, resulting from a hyaline degeneration of the cytoplasm of 
the cells during their conversion into the squamous cells of the tunica 
vaginalis. 
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In a previous paper* has been given an account of the origin of the 
lymphatic ducts from the veins by the budding off of blind sacs from 
their endothelial lining. The growth of these blind ducts toward the 
skin and their gradual spreading over the surface of the body was de- 
scribed briefly and illustrated by a composite picture. In the present 
communication the spreading of the superficial lymphatics will be de- 
scribed more in detail as well as the growth of these ducts in the differ- 
ent layers of the skin. 

The lymph ducts bud off from the veins in four places; two in the 
neck, at the junction of the jugular and the subclavian veins; and two 
in the posterior part of the body, from the vein which enters the Wolffian 
body and which is formed by the union of the femoral and sciatic veins. 
As the Wolffian body dissappears, and its venous system is supplanted 
by the vena cava, this lower connection of the lymphatics with the veins 
is given up. From these four points of origin the lymphatics grow 
first along the veins toward the skin, and secondly along the aorta and 
its branches to the various organs. The superficial lymphatics to the 
skin follow the veins, the jugular in the neck and the femoral and its 
branches in the lower part of the body. The deep lymphatics follow 
the arteries; primarily the aorta making the thoracic duct, and secondar- 
ily the branches of the aorta. 


1This paper together with one on the Development of the Lymphatic Sys- 
tem and a part of a paper on the Development of Lymph Glands, soon to appear 
in this JouRNAL, was accepted by The Association for Maintaining the Amer- 
ican Woman’s Table in the Zodlogical Station at Naples and for Promoting 
Scientific Research by Women. 

2On the Origin of the Lymphatic System from the Veins and the Develop- 
ment of the Lymph Hearts and Thoracic Duct in the Pig. THE AMERICAN 
JOURNAL OF ANATOMY, Vol. I, No. 3. 
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In embryo pigs below 18 mm. in length there are no lymphatics in the 
skin, as has been proved both by numerous negative injection experi- 
ments and by their absence in serial sections. The first sign of the 
lymphatic system was found in a 
pig 14.5 mm. long. It consisted 
of two small blind ducts which 
had budded off from the vascular 
endothelium at the junction of 
the cardinal and subclavian veins 
on either side of the neck. These 
ducts were found to grow into the 
neck along the anterior cardinal 
or jugular veins to a point mid- 
way between the ear and the scap- 
ula, and here widened into a sac. 
This sac, though possessing a 
lining of a single layer of endo- 
thelial cells without a muscle coat, 
I have considered to be analogous 
with the lymph hearts of the am- 
phibia. From the sac the ducts 
grow directly outward to the skin, 

alia eee ole i me read te ae ee which they reach when the pig is 
18 mm. long. 

In Figs. 1 to 5 is given a series of actual injections of the lymphatic 
ducts in the skin of pigs of increasing sizes. Each picture is a drawing 
from one actual injection, and all of the injections are practically com- 
plete except Fig. 3. That is to say, there are no lymphatics in the skin 
at these various stages excepting those which are shown injected. The 
methods of these injections are given in the paper cited above. 

Fig. 1 represents the lymphatic ducts in the side of the neck of a 
pig 2.5 em. long, and shows that the ducts are growing in two directions, 
first over the back of the head behind the ear, and secondly over the 
scapular region. In Fig. 2, from a pig 3 em. long, these two tufts of 
lymphatics, one behind the ear and the other over the scapula, are more 
distinct and have increased in complexity. A new set of ducts has 
reached the surface at the angle of the jaw and has begun to grow out 
in two directions, first between the eye and the ear, and secondly in front 
of the eye. 

Fig. 3, from a pig 3 cm. long, does not show the entire lymphatic sys- 
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tem of the skin of a pig of that stage, for the ducts at the angle of the 
jaw are not injected, nor a set of ducts which has just reached the skin 
over the crest of the ileum. This group of lymphatics is shown farther 
developed in the next figure. Fig. 3, however, does show the primary 
set of ducts, that is, those that grow over the back of the head and 
shoulder completely injected. It brings out clearly the character of 


Fie. 2. The lymphatic system in the skin of a pig 3 cm. long. <3. 


the plexus, the irregularity of the ducts and the fine channels that connect 
neighboring wide ducts. It shows also the growing sprouts that run out 
in advance of the plexus to invade new areas of the skin, areas which up 
to this time have had no lymphatics. 

In Fig. 4, from a pig 4.3 cm. long, the ducts of the primary plexus 
have grown to the median line in the back and, anastomosed with those 
of the other side. The ducts over the face are well injected. The figure 


shows also that the lymphatics for the lower part of the body have 
14 
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reached the skin at a point over the crest of the ilium. From this point 
the ducts radiate to the skin over the side, back and hip. From no 
other center of radiation for the primary lymphatics do the ducts spread 
out so symmetrically, so like the spokes of a wheel, as in this case. In 


Fig. 3. A partial injection of the lymphatic system in the skin of a pig 3.5 cm. 
long. The primary group of ducts is completely injected. x 3. 


the neck there are several centers of radiation, so that no one center 
sends out ducts in every direction. 

Fig. 5, from a pig 5.5 em. long, is the last of the series. 'The injec- 
tion was made by two insertions of the hypodermic needle, one over the 
scapula with the needle opening toward the neck, and the other just below 
the point of radiation over the crest of the ilium. In this way one takes 
advantage both of the radiating direction of the ducts and of the larger 
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size of the primary ducts. ‘The ease of injection in any direction shows 
that there are no valves at this stage, though the flow of any injection 


Fic. 4. The lymphatic system in the skin of a pig 4.3 em. long. x 3. 


mass is irregular on account of the great variation in the size of the 
channels. In making these injections it is essential to enter the needle 
into the level which contains the lymphatics. As will be shown later, 
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this level is the line between the subcutaneous tissue and the chorium. 
When the needle enters the subcutaneous tissue in pigs from 3 to 8 em. 
long the injection mass spreads out in straight lines and forces a path 
for itself in the tissue spaces. When the needle enters the chorium the 
injection mass raises a bleb on the surface. In neither of these cases, 
that is, when the injection mass has entered the tissue spaces of the 
subcutaneous tissue or of the chorium in small embryos, have I ever suc- 
ceeded in getting a lymphatic injection. To obtain a perfect injection 
without any extravasation at the point of puncture one must enter the 
needle at exactly the right level, that is, between the subcutaneous tissue 
and chorium and then inject slowly. One then sees the ducts starting 
out from the open slit in the injection needle. By giving a scarceiy 
perceptible pressure on the piston of the hypodermic syringe it is pos- 
sible to inject the entire side of the embryo and have the individual 
ducts leading from the needle stand out clearly at the end, that is, to have 
no extravasation. Thus it will be noted that it is necessary to puncture 
the ducts in order to get a lymphatic injection. 

In Fig. 5 the ducts have covered the body and only the feet, a part of 
the head and the tail remain unsupphed. It will be noted that the’ 
ducts from the different centers in the neck have anastomosed so freely 
in the skin that it is not easy to see just where the primary points of 
radiation lie. Moreover, the ducts for the anterior part of the body 
have anastomosed so freely over the surface of the body with those for 
the posterior part that it is possible to inject into the ducts over the 
ilium and have the injection mass pass toward the veins in two ways; 
first through the ducts that come to the surface over the crest of the 
ilium, and secondly by an indirect course through the channels over the 
side of the body to the ducts in the neck. 

In a pig 6.5 cm. long the spreading of the superficial lymphatics in 
the skin is practically completed. That is to say, ducts have been in- 
jected to the top of the head, the snout, the ears, eyelids and toes. In 
these areas, far from the centers of growth, the plexus of ducts is not 
abundant at this stage, indeed, to use one area as an example, only a 
few of the advance sprouts over the top of the head have actually anas- 
tomosed with the ducts of the other side. However, no area of the skin 
is wholly without lymphatics. In other words, the invasion of the skin 
by lymphatics is complete though the plexus of lymphatics in the skin 
is very incomplete. 

To sum up: In the anterior part of the body there are three main 
centers from which the superficial ducts spread out; first, in the pos- 
terior part of the neck, for the ducts over the back of the head and over 
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the scapula; second, at the angle of the jaw, for the ducts of the face; 
third, in the front of the neck, for the ducts of the lower jaw, chest and 
fore legs. The ducts of all these systems anastomose freely in the skin. 
In the posterior part of the body there are two centers for the radiation 
of the ducts, first over the crest of the ilium for the ducts of the pos- 
terior part of the back and of the hip, and secondly in the inguinal region 
for the ducts that grow into the abdominal wall and down the leg. The 
ducts of the anterior and posterior systems anastomose freely over the 
body. 

Having traced the spreading of the superficial lymphatics in the skin 
from the time the ducts first come to the surface in the neck and over 
the crest of the ilium to the time when they have reached the remotest 
parts of the body, namely, the top of the head and the tips of the toes, 
it remains to trace the development of these ducts in the different layers 
of the skin. 

In pig embryos 13 mm. in length the epidermis is from two to four 
cells deep and is separated from the connective tissue beneath by a dis- 
tinct basement membrane. ‘The connective tissue beneath is loose or com- 
pact in different parts of the body, and is not divided into layers, so that 
there is no differentiation between the chorium and the underlying sub- 
cutaneous tissue. The blood capillaries in this connective tissue are 
large, having a width of from two to four or five times the diameter of 
the red blood corpuscles, which at this stage are large nucleated cells. 

By the time the embryo is 15 mm. long, a stage just about the time 
that the lymphatics are budding off from the veins but before they have 
reached the skin, there are certain areas of the body, for example, over 
the arm bud, where the connective tissue beneath the epidermis is divided 
into two distinct layers, a denser layer next the epidermis and a looser 
meshed layer just within. The outer, denser layer is to become the 
chorium, and the inner, looser layer the subcutaneous tissue. The blood 
capillaries le at this stage on the inner border of the chorium between 
it and the subcutaneous tissue. ‘There are numerous vessels in the sub- 
cutaneous tissue but none in the true skin. 


Soon the blood capillaries begin to grow outward into the chorium 
and give up their position along its inner border. The vessels in the 
subcutaneous tissue remain and become larger. As the blood capillaries 
advance into the true skin the lymphatic capillaries grow in just behind 
them, taking the position along the inner border of the chorium. In an 
embryo 3 cm. long the lymphatic capillaries lie in this border just inter- 
nal to the blood capillaries. Fig. 6 shows the lymphatics in the skin 
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over the shoulder of a pig 5 em. long. It will be noted that there is a 
clear differentiation between the chorium and the subcutaneous tissue. 
In the chorium the protoplasmic network is fine and closely meshed, while 
the subcutaneous tissue is more fibrillar, the tissue is more open or the 
spaces are larger. The lymphatics are large and lie in the border between 
the chorium and subcutaneous tissue. The blood capillaries are small 


Fic. 6. Transverse section of the skin of the shoulder of a pig 5 cm. long showing 
the primary lymphatics. About x 110. bc; blood capillaries; c, chorium; J, lympha- 
tics; st, subcutaneous tissue. 


and lie both in the subcutaneous tissue and in the chorium. All of the 
vessels within the chorium are confined to its inner half. 

From this time on, until the embryo is 6.5 cm. long, the lymphatics 
gradually spread over the entire body in a single layer of ducts. These 
ducts make a characteristic plexus, as shown in Fig. 5. The plexus has 
been described and illustrated in the paper cited above. The growth of 
the ducts within the plexus has been described by Ranvier * and by Mac- 


? Ranvier: Comptes Rendus, 1895 and 1896. Archiv d’Anatomie, 1897. 
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Callum.* The original discovery of this method of growth was made, 
not by Ranvier, as I stated in a previous paper, but by Langer * in 1868. 
At the time of my first publication I had not seen Langer’s paper. He 
published a series of papers on the lymphatic system of the frog, and in 
one of them on the lymph vessels in the tadpole’s tail, he gives beautiful 
pictures of the lymphatics, with their complete lining of endothelium 
and with the long sprouts of endothelial cells from their walls. Some 
of the sprouts he shows as still solid, others partly injected. He recog- 
nized that this represents the method of growth; moreover, he states that 
without doubt the lymph capillaries and the blood capillaries develop in 
the same way—their elements being the same. 

The plexus of growing lymphatics is well seen when the freshly in- 
jected skin of the embryo pig is stripped off and examined under a 
binocular microscope. It can thus be made out that the ducts spread 
out practically in one plane. 

By the time the pig is 8 cm. long an injection of the lymphatics shows 
the primary plexus well developed. Many of the vessels are large and 
the plexus is wide meshed. At the same time the skin viewed under the 
binocular shows that there are numerous sprouts from the primary 
plexus which are growing outward into the chorium. These small, new | 
sprouts do not as yet make a perfect plexus within the chorium. Sec- 
tions of the skin at this stage bring out three points: First, that the 
ducts of the primary plexus now lie deeper in the subcutaneous tissue 
rather than just in the border between the subcutaneous tissue and the 
chorium. Secondly, that there are a few lymphatic vessels within the 
chorium; and, thirdly, that the blood capillaries are nearer the surface 
of the skin than the lymphatics. 

By the time the pig is 10 or 11 em. long the lymphatic capillaries 
within the chorium have become a complete plexus. Viewed under the 
binocular microscope, there are now two distinct layers of lymphatics, 
a deeper plexus with wide spaces between the ducts and a more super- 
ficial plexus of finer ducts more closely crowded together. In sections 
the deeper plexus is subcutaneous, while the superficial hes about the 
middle of the chorium. The complexity of the plexus varies greatly in 
different parts of the body, for example, there are many more lymphatics 
in the ear than in an area of skin of equal size over the back. The — 
stages of development are given for the skin over the shoulder, the 


3 MacCallum: Arch. f. Anat. u. Phys., Anat. Abth., 1902. 
*Langer: Die Lymphgefasse im Schwanze der Batrachier-Larven. Sitzh. 
d. k. Akad. d. Wissensch., I. Abth., Juli Heft, Jahrg. 1868. 
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development in the remoter parts, for example, in the feet, is always 
somewhat retarded. . 

While the pig is increasing from 10 to 25 em. in length the two 
lymphatic plexuses, the deep or primary and the superficial or secondary, 
become more complicated. Valves begin to develop in the lymphatics and 
increase the difficulty of obtaining lymphatic injections. By the time 
the embryo is 16 or 18 cm. long the valves are present and prevent much 
backward injection. At this stage, and still more clearly in pigs between 
20 and 25 cm. long, a subcutaneous injection of considerable pressure 
will usually enter the deep plexus of lymphatics and run centralward in 
the ducts of the subcutaneous tissue, but not outward into the plexus of 
the chorium. ‘This is readily demonstrated by injecting into the foot: 
pads. If the injection is in the hind feet the fluid enters the ducts of 
the subcutaneous tissue and is carried to the inguinal glands; if in the 
fore feet, the ducts lead to the glands in the front of the neck. A sub- 
cutaneous injection then in a pig about 20 em. long enters the deep 
lymphatics. The injection mass, however, often enters the chorium, not 
in the superficial lymphatic plexus, but rather through certain veins 
that run directly to the surface and spread out in a fine plexus just 
beneath the epidermis. ‘These vessels are blood capillaries, as can be 
proved by making a venous injection. Prussian-blue was injected into 
the umbilical vein of a pig 22 em. long, under a pressure of 100 mm. of 
mercury. The skin soon showed fine points of blue, and each point was 
seen to be a fine plexus of ducts just beneath the skin, the plexus spread- 
ing out from a small vein which ran to the surface. Thus, since by 
subcutaneous injections in these stages one usually gets a mixed injec- 
tion of deep lymphatics and superficial veins, the lymphatics are best 
studied by complete venous injections. 

Fig. 7 is a section of the skin of the ear of a pig 22 cm. long in which 
Prussian-blue was injected into the umbilical vein under a pressure of 
about 100 mm. of mercury. The veins are filled with blue granules, 
the capillaries with blood corpuscles, while the lymphatics are empty. 
The epidermis is now several layers deep, the hairs are partly developed, 
but there are no papille. There is still some differentiation between the 
subcutaneous tissue and the chorium, the former being more fibrillar 
and having wider spaces, the latter being denser and more cellular. The 
lymphatics are not as large as in earlier stages and they lie in two planes, 
a primary plexus of ducts in the subcutaneous tissue and a secondary 
plexus in the chorium. 


To complete the study of the development of the ducts in the skin it 


194 The Development of the Lymphatics in the Skin 


was necessary to find out whether the lymphatic capillaries enter the 
papillae or not. The papille are present in the skin of the new-born 
pig, but the hairs make the skin so difficult to study that the papillze 
are best seen in the tongue. By making a complete arterial injection 
and forcing the injection mass over into the veins of a pig a week old, 
it was easy to demonstrate the lymphatics in the subpapillary layer and 


Fic. 7. Skin of the ear of a pig 22 em. long. The veins are injected with Prussian 
biue represented as black. About x 95. a, arteries; bc, blood capillaries; c, chorium; 
pl, primary lymphatics; sl, secondary lymphatics; st, subcutaneous tissue, v, veins. 


in the center of the larger papilla. The smallest papille contain just 
a tuft of blood capillaries in the center, while the larger ones at the side 
of the tongue have a central artery which is bordered by a central 
lymphatic duct lined with epithelium. This makes the papille in the 
tongue analogous with the villi of the intestine as far as the central 
lymphatic duct is concerned. 

Thus the course of the development of the lymphatics has been fol- 
lowed in the skin. The ducts are defined as channels with an endothe- 
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lial lining which bud off from previous lymphatic ducts, the original 
ones coming from the endothelium of the veins. The development has 
been traced by making injections along the lines in which the lymphatics 
grow to the skin. In the neck the ducts grow toward the skin along 
the jugular vein and come to the surface at three points; in the posterior 
part of the neck, at the angle of the jaw and in the front of the neck. In 
the posterior part of the body the ducts follow the femoral and _ its 
branches and come to the surface first over the crest of the ilium, and 
secondly in the inguinal region. From these points the ducts invade 
the skin and form a primary plexus in the subcutaneous tissue and a 
secondary one in the chorium. From the plexus in the chorium sprouts 
grow outward into the center of the papille. In their entire growth 
the lymphaties follow the blood vessels. 

The lines of growth of the lymphatics to the various organs are along 
the course of the aorta and its branches. For example, by injecting 
into the edge of the wall of the aorta it is possible to inject the ducts 
as they are entering the heart and the lungs. The early ducts to the 
kidney are large and easy to obtain. By the time the pig is 4 cm. long 
the ducts can be injected to the stomach wall and have grown between 
the folds of the mesentery to the intestinal wall. Repeated injections 
would probably show the growth of the ducts into the different layers 
of the intestinal wall to their end in the central chyle vessel of the villi. 
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While the réle of the nervous system in development has been studied 
with increasing interest in recent years, the data are as yet of such a 
varied and conflicting nature as to preclude the possibility of satisfactory 
generalizations. The following pages are therefore offered as a contri- 
bution to one phase of this subject, in the hope that through the study 
of comparatively simple particular problems we may advance towards 
some general conclusion.’ 

The infiuence of the nervous system on the regeneration of lost parts 
has formed the subject of several experimental studies. Herbst, g9, and 
or, has shown that in the decapod crustacea, the optic ganglion is an 
essential factor in determining the character of the appendage regen- 
erated after the amputation of the eye. Morgan, o1, has reported experi- 
ments, showing that it is the presence of the nerve cord at the cut end 
of a decapitated earthworm that determines the regeneration of a new 
head. In planarians, according to Bardeen, 02 and 03, the stimulus to 
the regeneration of a new head arises from the cut surface of the central 
nervous system. Barfurth, 02, and Rubin, 03, have investigated the 
effect of injury to the nervous system upon the regeneration of the tail 
and limbs in the amphibia, concluding that the destruction of the spinal 
cord and brain has no deterrent effect upon the development of a new 
appendage. In the case of the limbs, according to the same investigators, 
regeneration begins normally even when the nerves, running to the stump 


1A brief account of this work was given in a paper read before the Associ- 
ation of American Anatomists at Washington, D. C., December 30, 1902. Har- 
RISON, 03, On the Differentiation of Muscular Tissue When Removed from the 
Influence of the Nervous System. Proc. Assoc. Amer. Anat., p. IV, AMER. 
JOURNAL OF ANATOMY, VOI. II. 
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are destroyed, although later the absence of nervous influences, or perhaps 
the lacking function, tends to retard the processes and ultimately brings 
them to a standstill. Wolff, 02, has made somewhat similar experiments 
upon the axolotl, and concludes that the nervous system does exercise 
a morphogenetic function in the regeneration of the limbs. 

The data are more meagre concerning the nervous regulation of purely 
cntogenetic processes. Loeb, 96, was the first to study this question ex- 
perimentally; he showed that the metamorphosis takes place simultane- 
ously in the posterior and anterior portions of the amblystoma larva even 
after the spinal cord has been severed. Later it was shown by Schaper, 
98, that the frog embryo develops normally after the removal of the entire 
brain. 

A considerable mass of evidence having a bearing upon this question, 
has been collected from the study of acephalic and amyelic monsters. 
This evidence is, however, conflicting and the same facts have not always 
been interpreted in like manner by all investigators. Leonowa, 93, and 
Fraser, 95, have on the one hand described human foetus in which brain 
and spinal cord were totally lacking, while the peripheral sensory nerves 
and the musculature were normally developed. On the other hand, E. H. 
Weber, 51, Neumann, o1, and others have described cases in which 
absence of certain portions of the central nervous system has been accom- 
panied by total absence of musculature in the region normally supplied 
by the lacking nerves, although skeleton, blood vessels and even tendons 
were normally developed. 

The discussion has centered especially around the question of the domi- 
nance of the differentiation of the voluntary musculature by the nervous 
system. Neumann, or, has given a critical résumé of the facts bearing 
upon this question. He concludes that in cases similar to those described 
by Leonowa and Fraser, where there is a well-developed muscular system 
in spite of the total absence of the brain and cord, the nervous system 
must have developed in the early stages of embryonic life up to a certain 
point, and that it did not undergo degeneration until after the differentia- 
tion of the muscular system had taken place. Thus in his effort to 
harmonize the seemingly conflicting observations referred to above, Neu- 
mann” reaches the conclusion that the physiological relations between 
muscle and nerve change during the course of the development of the 
individual as follows: 

1. The first development of the muscles takes place under the influence 
of the nervous system and through the agency of the motor nerves, which 


2 Op. cit., p. 463. 
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grow from the latter into the muscle. Self-differentiation of the muscles 
does not take place. 

2. After the muscles have arisen, their nourishment and further growth 
during the embryonic period takes place independently of the central 
nervous system ; they have, so to speak, emancipated themselves from the 
influence of the latter. 

3. Not until the post-embryonie life is reached is the dependence again 
established ; the trophic centers of the spinal cord and brain then begin 
action. 

Herbst, or, analyzes the same data, however, and maintains that it is 
the sensory nerves including the cells of the spinal ganglia, and not the 
motor nerves, that are necessary to stimulate the differentiation of the 
muscular substance in the embryo. Herbst finds support for this view 
in Wolff’s observations referred to above and also in the fact that in 
Leonowa’s case, as well as in others, the spinal ganglia and sensory nerves 
alone were present. Herbst and Neumann agree, nevertheless, in holding 
that the nervous system exerts a formative influence upon the muscular 
tissue. The well-known fact that a muscle undergoes atrophic changes 
after its nerve supply has been cut off, would, at first sight, uphold this 
view. The study of normal development likewise affords some evidence 
which might also be interpreted as lending support to it, though it does 
not necessarily do so. In the embryos of lower vertebrates, for instance, 
the connection of the motor spinal nerves with the muscle plates is estab- 
lished just at the time when the contractile substance begins to be laid 
down. Again, as Nussbaum, 94 (also later publications), has shown in a 
series of investigations, there is a close parallel between the direction of 
the intramuscular ramifications of the nerve supplying a muscle and the 
direction of the growth of that muscle in the embryo, a view which has 
also been supported by Bardeen, 00. Nusbaum, 02, points out, however, 
that this correspondence might exist even though there be no dependence 
on the part of the muscle upon a formative stimulus. 

It is clear from the foregoing that the facts are insufficient to deter- 
mine even the comparatively simple relations between the nervous system 
and the developing musculature. The difficulty in interpreting correctly 
the meaning of the teratological cases, which have been the subject of so 
much discussion, rests upon our inability to find out the exact nature of 
the original lesion. The only way to control satisfactorily this factor is 


* This apparently does not hold for all vertebrates, for, according to Bardeen, 
oo, the musculature of the pig embryo is differentiated to a considerable 
degree before the nerves establish a connection with it. 
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by direct experimentation, but in devising experiments for this purpose 
it is necessary to formulate clearly just what is to be determined, for it 
is obvious from the facts already referred to, that the nervous system 
may possibly exert its influence in a variety of ways. 

The first questions which I had in mind in beginning the present in- 
vestigation were the comparatively simple ones whether a stimulus from 
the nervous system is necessary in order to start the differentiation of 
striated muscle fibers and whether the musculature is dependent upon the 
nervous system in its further development, including the grouping of the 
fibers into individual muscles. It is the first question that has of late 
been most freely discussed and has been answered affirmatively by Neu- 
mann and Herbst; even Rubin emphasizes the fact that of all the tissues 
in the regenerating limb the voluntary muscle is the most dependent 
upon the integrity of the nerves. While on the other hand Schaper’s 
experiments do show that the central nervous system has no general 
directive action upon the development of the frog, they do not answer 
the first question just stated, for Schaper removed only the brain, leaving 
the spinal cord intact; and besides, embryos 6 mm. long with well- 
developed tail were used; in such embryos the motor nerve roots have 
already established connection with the muscle plates and the differen- 
tiation of the contractile substance is begun. The musculature at the 
time of experimentation in Schaper’s experiments would thus fall into 
the second period of Neumann. ‘To test this question it is necessary to 
remove the spinal cord at a period of development, before there are traces 
of peripheral nerve fibers or contractile substance in the musculature. A 
series of experiments of this kind is described below in the first section. 

Another question which may to advantage be considered in connection 
with that of the formative influence of the nervous system, is whether the 
normal processes of ontogeny are regulated by functional stimuli, or 
to state a more particular phase of the problem, whether the normal 
exercise of function is a necessary factor in determining the early course 
of development of the musculature. While the first series of experi- 
ments may be used in this connection, the necessary mutilation of the 
embryo enters as a disturbing factor. This question may be best tested 
experimentally by causing the suspension of muscular function in devel- 
oping embryos through the action of a drug. Acetone chloroform is ex- 
ceedingly well adapted to this purpose. In the second section of the 
present paper the results of rearing embryos in solutions of this substance 
are given. 
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DESCRIPTION OF THE EXPERIMENTS. 


The experiments described below were made upon the embryos of 
Rana sylvatica, R. virescens and R. palustris, for the most part in the 
spring of 1902. As already emphasized, it was necessary for the purposes 
in view to work with embryos in which there were no traces of histologi- 
cal differentiation in the nervous or muscular systems. It was found on 
examination of serial sections of normal embryos that the oldest stage 
which safely fulfills this requirement is when the tail bud is just begin- 
ning to be perceptible. Sylvatica embryos (Fig. 1) are then about 3.7 
mm., virescens about 2.25 mm., and palustris about 2.9 mm. in length, 
although, owing to the considerable variation in the size of embryos of 
the same species, these measurements are to be regarded merely as roughly 
approximate. There are absolutely no nerve 
fibers in the central nervous system of these 
embryos and there are no traces of any peri- 
pheral nerves. The tissue of the myotomes 
consists of rounded cells somewhat flattened on 
their sides. About ten somites are distinctly 


: Fig. 1. Embryo of R. sylvat- 
marked off. The rest of the axial mesoderm _ ica. to show the stage of devel- 
é opment used in the beginning 
is unsegmented. of the experiments. X 919. 


1. On the Effect of Removal of the Spinal Cord upon the Development 
of the Axial Musculature. 


The embryos of R. palustris are somewhat better adapted for this 
experiment than the other species. In the former the axis of the trunk 
is straight, while in embryos of R. sylvatica the dorsal curvsture is 
marked. Virescens embryos are more difficult to operate upon on account 
of their smaller size. 

The embryo is laid on its side in a shallow dish lined with cork or paper 
and containing fresh water or dilute (0.2 per cent) 
salt solution. With a small sharp scalpel a narrow 
strip extending from the region of the pronephros 
to the tip of the tail is then cut off from the back 
of the embryo (Fig. 2). This strip contains the 
medullary tube, including the ganglion crest as far 


Fig. 2. Embryo of 


R. palustris immedi- it ie 7 1 Tove 
ately after the removal 28 it is developed, the dorsal portion of the myo 


Ofte spinal cord. tomes and the unsegmented mesoderm, and also 


X Dy 
the dorsal fin fold. With some practice it is pos- 


sible to cut just between the medullary tube and the notochord, leav- 


ing the latter intact. One must count upon a number of failures, but 
15 
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fortunately it is possible to see immediately after making the cut 
just what has been removed, for in successful cases, on examining the 
wound surface with a lens, the notochord stands out as a distinct rod 
with the myotomes arranged alongside (Fig. 4). The operation may 
also be done successfully with a sharp, fine pair of scissors. In some 
experiments the thin strip of tissue containing the spinal cord was cut 
off entirely (Fig. 2); in others it was left hanging at its anterior end, 
but prevented from healing again to the main portion of the embryo 
(Fig. 4). 

The embryos were kept after the operation in ordinary tap water or 
placed for a day or two in dilute salt solution, which insures a somewhat 
more rapid and perfect healing of the wound. ‘This usually takes place, 
however, without difficulty in any case and even in two or three hours 
the wound is usually closed. As a control to the study of the further 
development, normal embryos of the same age were kept side by side with 
those which had been operated upon, and specimens of each were pre- 
served from time to time for the purpose of studying their internal devel- 
opment. 

As regards their external form, the embryos develop in the best in- 
stances normally except for the defect produced directly by the operation. 
Their development is, 
however, considerably re- 
tarded, not only in the re- 
gion of the. trunk and 
tail but also in the head 
where the nervous system 

was left intact. The in- 
Sere COPA COTE FRE OO ater excision of The ©. dividtals iautter srommene 
~ another considerably, ow- 
ing, no doubt, to slight differences in the amount of tissue originally 
cut away. In the most favorable cases (Fig. 3) the tail is almost straight 
and shows only a lack of the dorsal part of the axis and the dorsal fin, but 
as a general rule the tail acquires a marked dorsal bend (Fig. 6), espe- 
cially in sylvatica larve. In other cases, when the notochord has been 
injured, considerably greater deformity arises; this manifests itself in 
the crumpling and shortening of the tail, or sometimes even in its almost 
complete atrophy. 

One rather remarkable feature, which shows itself constantly, is the 
presence of a small portion of the dorsal fin at the tip of the tail (Figs. 
3 and 6). Microscopic examination shows that a small portion of the 
medullary tube is also present at that point. The development of these 


ig 
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structures, lying dorsal to the axis of the tail assumes in some instances 
considerable proportions. When it is considered that everything dorsal 
to the notochord was removed by the operation, it is clear that this por- 
tion of the medullary tube must have regenerated in an anterior direction 
from the walls of the neurenteric canal. 

The series of drawings (Figs. 4-6), made from one embryo at different 
stages of its development, gives an idea of the development of the indi- 
vidual. The first cut (Fig. +) shows the em- 
bryo just after the operation. In this case the 
strip containing the spinal cord was left hang- 
ing to the head. The second stage (Fig. 5) is 
one day older. Here the tail shows a distinct 
dorsal flexure, due probably to the fact that the 
distal end of the notochord had been cut out, 
and considerable growth had taken place before fe eters ee peel 
the complete regeneration of the notochord oc- the spinal cord. x 9%. 


curred. The cut edge of the small dorsal strip 
has also healed over and is beginning to coil up in a horizontal plane. Six 
days after the operation the larva appeared as in Fig. 6. The tail is 
normally expanded, but still shows the marked dorsal flexure. The small 
strip of tissue resting on the back has coiled itself up; the dorsal fin 
belonging to it is well developed. The larva is cedematous and the lymph 
sinuses are much dilated. This condition is not uncommon in such 
specimens. Examined more carefully under moderate powers of magnifi- 
eation, the arrangement of the muscle 
plates in the tail is found normal. The 
individual segments are V-shaped as 
usual, although the dorsal arm is short- 
ened by the amount removed by the 
operation. The primary abdominal mus- 
cle is also present and extends anteriorly 
Wie. 5. Same specimenas inFie.4, from the myotomes at the base -of the 
Boe ee ier tie operation. <2 aul eepreadimerout itoa thin, sheet. iz 
the abdominal walls. 

The physiological differences between the embryos experimented upon 
and the normal ones are marked. While the latter soon acquire the power 
of movement and respond readily to stimuli, the former remain motion- 
less even when stimulated strongly, except for the movements in several 
anterior myotomes where the cord had been left in connection with the 
body. In certain cases the tail exhibited independent twitching move- 
ments; in these cases a considerable stretch of the spinal cord was found 
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to be present. They were, of course, rejected as being open to the sus- 
picion that the nervous influences had not been entirely eliminated. 
In none of the larve without spinal cord was there ever any response to 
the direct mechanical stimulation of the muscles to be observed with cer- 
tainty. On the other hand, in the one case (R. palustris) in which elec- 
trical stimulation was tried, a marked local contraction of the axial 
musculature at the root of the tail followed the application of the elec- 
trodes at that point. This indicates that the musculature in these in- 
stances is capable of functioning. The case is, however, not quite con- 
clusive, because no 
complete, microscopic 
examination was made, 
the specimens having 
been severely injured 
during the stimulation. 

The examination of 
specimens in _ serial 
sections demonstrates 
clearly that the effect 
of the operation is to 
remove permanently 
the spinal cord from 
the greater part of the 
trunk and tail. Only 
the small portion at 
the tip of the tail is 


present. This part of 


Fig. 6. Same specimen as in Fig. 4. Six days after the r 1 
Seat OC one the medullary cord is, 


however, in normal as 
well as in injured specimens, merely an epithelial tube containing 
no ganglion cells and giving rise to no peripheral nerve fibers. No 
regeneration of cells takes place from the anterior portion of the cord. 
The cut end is found to be rounded off and the ventricle entirely closed. 
The nerve fibers constituting the longitudinal bundles extend, however, 
in all cases examined, for a considerable distance beyond the limits of 
the cord. They leave its posterior end and pass in a caudal direction 
through the mesenchyme occupying the small space bounded by the myo- 
tomes, notochord and epidermis. These bundles are thick and very dis- 
tinct as they emerge from the cord; sometimes they break tp into small 
bundles and in several instances distinct fasciculi could be traced into the 
lateral branch of the vagus. The bundles gradually become thinner as 
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they extend further from the medullary cord and finally terminate alto- 
gether. Their exact mode of ending could not be determined. Distal 
to the point of termination of these intrinsic fibers of the cord there are 
no nerves of any description in the organism, except sometimes the r. 
lateralis vagi, which, as has been shown, grows out from the vagus 
ganglion, a structure not affected by the operation. The sense organs of 
the lateral line are also present in such cases. Spinal ganglia are, as would 


INIKe “7a Fig. 8. 


Fic. 7. Transverse section through ithe posterior part of the trunk of the specimen 
shown in Fig. 3; int, intestine; 2c, notochord; my, myotome; p. a. m., primary abdominal 
muscle; r, rectum; wd, Wolffian duct. X 50. 


Fig. 8. Transverse section through the tail of the specimen shown in Fig. 3. my, myo- 
tome; nc, notochord. 50. 
be expected, absent from the entire region distal to the cut end of the 
medullary cord. In those cases in which the small dorsal strip containing 
the spinal cord was not cut off, but left attached by its anterior end to the 
head of the embryo, the longitudinal bundle fibers remain entirely within 
the walls of the cord and no free nerve fibers whatever are to be found in 
that part of the embryo where the immediate connection with the cord is 
severed. 


“Cf. Harrison, o3a. 
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The general arrangement of the organs of the trunk and tail is well 
shown in cross sections (Figs. 7 and 8) of the specimen represented in 
Fig. 3, which was preserved six days after the operation. The absence 
of the dorsal fin and the medullary cord is striking. The notochord, 
which is normally developed, lies almost immediately below the epidermis 
in the trunk (Fig. 7). The greater part of the axial musculature 1s 
intact, only the dorsal portion having been cut off. The arrangement of 
the fibers in the myotomes is normal, except that the individual fibers 
are often separated from each other by quite large, clear spaces. In 
the tail the musculature of the two sides arches over the notochord dor- 
sally (Fig. 8), forming a continuous sheet, horseshoe shaped in section. 
Examination of sagittal sections of embryos which had lived from five 
to seven days after the removal of the cord corroborates the results of 
the observations upon the living specimens, as*regards the arrangement 
of the musculature. The division into myotomes is distinct. The prim- 
ary abdominal muscle is seen as a band of fibers arising from the ventral 
edge of the myotomes at the base of the tail, skirting past the bud of 
the hind leg and spreading out anteriorly into a sheet of cells in the 
abdominal walls. The anterior portion of this muscle is, as is normally 
the case in this stage, composed of spindle-shaped cells with little or no 
contractile substance. 

While the above account holds for the best specimens, many cases were 
observed in which there was much irregularity in the arrangement of 
the muscle fibres. Such irregularities are more marked in the imme- 
diate neighborhood of the scar. They are undoubtedly due to a dis- 
arrangement of some of the cells at the time of the operation and to 
uneven healing of the wound. 

The study of the muscular tissue with highly magnifying powers re- 
veals in the best instances a perfectly normal differentiation of its ele- 
ments. From this condition there are to be found all gradations down 
to that shown in some of the poorer specimens in which the degeneration 
of the elements is marked. In the injured embryos there is a distinct 
retardation of the differentiation of the muscle fibres, corresponding to 
the slower development of the organism as a whole. In a specimen 
killed three days after the removal of the cord there is thus but a small 
amount of contractile substance laid down in the myotomes and the 
muscle cells still contain a large amount of yolk. Cross striations of the 
fibrils may, however, be made out. In a series of sagittal sections of an 
embryo killed six days after the operation the differentiation of the 
muscle fibers shows a marked advance. The yolk spheres are almost 


Ross Granville Harrison 


207 


entirely gone from the myotomes and the fibers are crowded with striated 


fibrille (Fig. 9). 
under consideration is the presence of 
vacuoles in the axes of the muscle fibers, 
together with a larger amount of pigment 
than is usually found. The muscle cells 
of normal larve may, however, show some 
vacuolization in the axial protoplasm at 
the time when the absorption of the yolk 
is about completed. In the injured larva 
the length of the muscle fibers is not so 
great as in the normal; many fibers are 
separated from the neighboring ones by 
clear spaces. Cross sections of a larva 
of the same age as the one just described 
that the 
rounded by a very delicate membrane, 
the sarcolemma (Fig. 11). The fibers, 
which are cut near the end, are filled out 
entirely by fibrille; those cut near the 
middle show nuclei mostly situated in the 


show muscle fibers are sur- 


axis of the fiber, though sometimes ec- 
centrically placed just beneath the sar- 
colemma. Vacuoles are also present in 
the axial sarcoplasm. 

The amount of vacuolization shown by 
the muscle fibers varies considerably in 
different specimens and even in different 
regions of the same one. ‘Thus, there are 
often to be found fibers of perfectly 
normal appearance, with no vacuoles at 
all and no other signs of degeneration. 
Such a fiber, taken from the tail of an 
individual much like the one shown in 
Fig. 6,.is shown in the accompanying cut 
(Fig. 10). In the musculature of the 
limb of the specimen described in the 
next section there are likewise no vacuoles 
in the fibers. On the other hand, in some 


The most striking abnormal feature in the individual 


Bre: 9. 


Fia. 10. 


Fie.9. Two muscle fibers from the 
root of the tail of a larva from which 
the spinal cord had been removed six 
days prior to tixation; v, vacuole; y, 
yolk spherule. 

Fig. 10. Muscle fiber from tail of 
larva similar to the one shown in Fig. 
6. Killed seven days after cutting 
the spinal cord. This figure has been 
reduced to the size of Fig. 9 for com-— 
parison, though the magnification is 
much greater. 


specimens there is not only marked vacuolization, but also alteration of 
the contractile substance and partial arrest of its development. Blotches 
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of an almost hyaline substance, which stains intensely with Congo red, 
are found scattered through the musculature in these cases. These 
conditions are found also in other parts of the specimen where the ner- 
vous system is still in connection with the musculature. They cannot 
therefore be considered as due to the lack of nervous stimuli but rather 
to unfavorable accidents of the operation. 


NP 


Fig. 11. Muscle fibers in cross section, from the same section as Fig. 7; larva shown in 
Fig. 3. f, fibrillee; np, nucleus of perimysium internum; ns, nucleus of muscle; s, sarco- 
lemma; v, vacuole; y, yolk spherule. 


The Development of the Hind Limbs without the Presence of Nerves. 


While the foregoing experiments suffice to show that the grouping of 
the muscle fibers into individual muscles takes place without the infiu- 
ence of the nervous system, it might be urged that this is the case only 
in the muscles of comparatively simple arrangement, such as the myo- 
tomes and their immediate derivatives. It seemed desirable, therefore, 
to test the power of development of the more complicated musculature of 
the limbs, when the nerve normally supplying it is prevented from grow- 
ing into it. At my suggestion Mr. H. L. Langnecker undertook to 
determine this point. 

The experiment was carried out as follows: A horizontal slit was 
made just below the notochord in the axis of the body of a young embryo, 
in the region from which the hind limb would develop. The wound 


Ross Granville Harrison 209 


was prevented from healing by the insertion of a hedge-hog spine for a 
few hours, until the cut surfaces healed over. The hole made in this 
way was found to remain open in the majority of instances, and the 
spinal nerves were thus prevented from growing out into the limb. 
Such larve live readily for a time, but difficulty was experienced in keep- 
ing them alive until the time for metamorphosis. One specimen lived, 
nevertheless, for this length of time. As regards outward form the 
hind legs developed fully; all of the segments were normal, as was the 
number of toes. The limbs had, however, an atrophic appearance and no 
voluntary movements were ever observed, nor could any response to 
mechanical or electrical stimulation be obtained. Examination of sec- 
tions failed to reveal the presence of nerves in the hind limb. Cartilage 
bone and muscle were normally differentiated. The striated contractile 
substances filled out the nerve fibers, which were, however, of somewhat 
smaller calibre than in the fore leg in which the nerves were intact. 
The individual muscles of the hind limb are clearly defined, but it has 
not been made out as yet whether all of the muscles normally found in 
the limb are present in this specimen also. The work will be continued 
during the present season and a full account published by Mr. Lang- 
necker. 


The Development of the Embryo in Solutions of Acetone-chloroform. 


For the purpose of drawing or carefully studying living tadpoles it 
is nearly always necessary to anesthetize them. Acetone-chloroform has 
been found to be exceedingly well adapted to this end.’ It is very easy 
to manage; a few small crystals added to a watch glass or small dish of 
water containing the larve suffice to stop all voluntary movements, in- 
cluding those of respiration, within a few minutes, while the heartbeat 
is searcely affected. The narcosis may be continued as long as desired. 
On transferring the tadpoles to fresh water recovery takes place quite as 
rapidly as the narcotization did. 

These observations led to the experiment of rearing larve under con- 
tinued narcosis in order to determine the effect of their forced inactivity 
upon the development of the musculature. It is certain that all func- 
tional activity of the muscles is suspended during the action of the drug 
and also that this is brought about by action upon the nerve centers and 
not peripherally. 


5Tt was at the suggestion of Dr. Abel, who first discovered the anesthetic 
properties of acetone-chloroform, that I made use of this drug. Miss Ran- 
dolph, o0, has shown that it is very useful for the narcotization of many kinds 
of aquatic organisms. The substance is known commercially as “ chloretone.” 
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A few preliminary experiments with older larvee demonstrated that a 
0.02 per cent solution, i. e., two parts of acetone-chloroform in ten 
thousand parts of water is sufficient to narcotize them completely,’ and 
that the action of the heart is not materially altered. Weaker solutions 
do not completely inhibit muscular reflexes. Solutions of 0.04 per cent 
and stronger seriously affect the circulation ahd ultimately cause death. 

After these facts had been determined, the experiments bearing upon 
the problem to be solved were undertaken. Embryos of each species of 
frog were placed in similar dishes containing water and solutions of the 
drug of various known strengths, in order that their development in each 
might be compared. The embryos selected were all in the same stage of 
development (Fig. 1) and showed no trace of histological differentiation 
in the nervous system or musculature. In each experiment care was 
taken to keep the conditions influencing the different sets of embryos as 
nearly uniform as possible, varying only the strength of the solution. 
Owing to the volatility of acetone-chloroform, it was found necessary 
to keep the dishes containing the embryos closed, and to change the fluid 
every day or two. 

Several factors which had a district influence on the success of the 
experiments manifested themselves during their course. It was found, 
in the first place, that the embryos of R. virescens suffer least from the 
action of the drug. Those of R. palustris are somewhat more susceptible, 
while sylvatica embryos exhibit a considerably more marked tendency 
towards deformity. Again, it was found that the deleterious effects of 
the drug were less marked when the temperature was near the optimum 
for development, for this permitted the embryos to reach the final stages 
of development in a minimum time. 

The results of the experiments may be summed up very briefly. The 
embryonic development takes place in solutions of the drug, when care 
is taken to keep the conditions favorable, in an almost normal manner, 
although distinctly more slowly than in water. The retardation of the 
development is directly proportional to the strength of the solution. The 
results in detail may best be presented by giving the original record of a 
typical experiment. 

EXPERIMENT 6. 


April 20, 1902. Sixteen palustris and seven virescens embryos are put into 
a 0.08 per cent solution of acetone-chloroform, and eight palustris and three 


°* There is some discrepancy between this result and Miss Randolph’s, who 
makes the minimal dose much stronger. This can perhaps be explained by 
the rapid volatilization of the substance when kept in open vessels. 
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virescens embryos into a similar dish containing a solution of the same 
strength, the latter to be used for testing the irritability. Eight palustris and 
two virescens embryos are placed under similar conditions in water. 

April 22. The temperature has varied between 70° and 80° F. In the 
palustris embryos kept in water the external gills are sprouting and the 
blood may be seen circulating in them. These embryos react reflexly to 
mechanical stimuli; i.e., on being touched by a needle, they first contract 
the opposite side of the body. The drugged embryos are not quite so far 
along in their development. The heart-beat is distinct, but there is no 
circulation as yet in the gills. There is a slight swelling in the pericardial 
region (Fig. 12). The test embryos react locally to mechanical stimuli 
(direct muscular stimulation). 

April 23. The temperature has been above 80° F. The embryos in the 
acetone-chloroform solution are developing well. The circulation in the 
external gills is good. They scarcely give even a local response to stimuli. 

April 24. The temperature has been cooler, but above 70° all day. The 
drugged embryos are developing normally. There is no reaction to stimuli 
except a faint local one. The solution is diluted to 0.025 per cent. 


Fia. 12. Fria. 13. 
Fig. 12. Embryo of R. palustris kept two days in a 0.03 per cent solution of acetone- 
chloroform. x9. P=pericardium. 


Fig. 18. Control embryo kept two days in water. x9. 


April 25. Temperature this morning, 68°. The circulation is well estab- 
lished in the tails of the palustris embryos. The virescens embroys are not 
quite so far advanced in their development. There is no reaction to stimuli, 
except a very feeble local one. 

April 26. Solution of drug diluted to 0.02 per cent. The circulation in 
the tail of the virescens embryos is well established. There is only very 
slight local reaction to stimuli. 

April 27. The control specimens kept in water are now feeding and 
passing feces. The drugged embryos are slightly swollen. The coils of 
their intestines are not wholly normal. The heart action is good. Three 
palustris and one virescens larve are preserved. The others are put into 
fresh water for recovery. 

4.38 P. M. Larve put into fresh water. 

4.42. No reaction to stimuli. 

4.49. Virescens larve react with a quiver or jerk. Palustris larve do not 
react at all. 

4.55. Virescens larve are able to Swim across the dish. Jaws are moving. 
Gasping respiratory movements. Palustris larve do not react. 

5.15. Palustris larve do not react. 
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5.29. Some of the palustris larve react with a jerk or two. 
545. All of the palustris larve react to stimuli. Several able to swim 


across the dish. 


Fie. 14. Embryo of R. palustris kept five days in a 0.03 per cent solution of acetone- 
chloroform. x9. 


Fig. 15. Control embryo kept five days in water. x9. 


May 6. The recovered tadpoles have been kept in a large aquarium, with 
plenty of food. The palustris larve appear normally formed when seen 
from above and from the side. One has remained very small. The intestinal 
coils are not normal. Of the virescens larve, two are normal looking, except 
for the intestinal coils. One is very much swollen on the sides, due probably 
to distention of the lymph sinuses. 


The histogenesis of the muscular tissue was followed in a series of 
specimens, taken from the above and other experiments and preserved 
from day to day. The embryos were fixed in mercuric chloride and 
acetic acid and the sections stained for the most part in Heidenhain’s 
iron hematoxylin. 


Experiment 6: Palustris embryo two days in 0.03 per cent solution.— 
The muscle cells in the myotomes are normal. They still contain a large 
amount of yolk but no vacuoles. Contractile fibrille are present in consider- 
able quantity. 

Experiment 6. Palustris embryo three days in 0.03 per cent solution.— 
Corresponding with the general retardation of development as compared with 
that of the control embryos reared in water, the development of the individual 
muscle cells is retarded (cf. Fig. 16 and Fig. 17). There is more yolk*in the 
muscle fibers of the drugged specimen; the striations of the muscle fibrille 
are in corresponding myotomes less distinctly marked. The individual fibers 
are not so slender as in the normal control. When a comparison is made 
between the less differentiated myotomes in the tail and those in the trunk 
of the normal specimen, it is seen that the difference in the clearness of the 
striations is merely an evidence of the difference in the degree of develop- 
ment. There is a Slight vacuolization of some of the muscle fibers in both 
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of the embryos. The basis of comparison of the two specimens is rendered 
all the more exact by the fact that the sections of both were run through 
the staining fluids simultaneously. 

Experiment 6. Palustris embryo, 
five days.—There is a marked in- 
crease in the vacuoles in the axial 
sarcoplasm of the muscle fibers, 


while in the control specimen, he sts ee 

reared in water, there is but very ne fr , 

slight vacuolization. as = 
Experiment 6. Palustris embryo, d a) 

seven days.—lIn. this specimen the : ke 

yolk is practically gone. The vac- Ap AE 


uolization of the fibers of the myo- 4." 
tomes is marked. The fibers are pret 
separated from each other by clear 2 
spaces. The jaw muscles show some me veoh NG 
vacyolization, but in a much less {=} \¢/. 
marked degree than in the myo- © -*:,¢6 
tomes. The striated fibrillar sub- ate 
stance is also well marked in the 
former. 

Experiment 7. Larvae of siz 
days.—Two specimens, one of 


which had been kept in a 0.025 per ee ts 
cent solution, and one _ control a ae 4 vas 
reared in water were imbedded side eee. 


by side and cut and mounted to- takes 
gether. The contrast in the mus- 
cular tissue in the two specimens is ligt 
not marked. There is more vacuo- % 

lization in the drugged larva, Fig. 
18, but this characteristic is much 
less marked than in the specimen 
just described. This condition is 
due in all probability to the cir- 
cumstance that the solution of the 
acetone-chloroform was _ slightly Mt ; 
weaker than in the former case, oo 
and also to the fact that, owing to cate: pce : 

thes high’ tempersiire, phen larva, sisginmelet « nosanl palnctele Grbins. thnes 


had attained its development in six gaye older than the stage used in the experi- 
ment. 

days of exposure to the drug, in- Fig. 17. Two muscle fibers fon tte myo- 

stead of i i tome of a palustris embryo kept for three days 

c Ob tr) Seven, as invthe-tormer in a 0.03 per cent solution of acetone-chloro- 

instance. form. y, yolk spherule. 


The most striking feature of the experiment described in full above is 
the extraordinary rapidity of the recovery from the action of the acetone- 
chloroform; in several other similar experiments the recovery was even 
more rapid. Thus, in one instance (experiment 1), a virescens embryo, 
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reared in 0.02 per cent solution, had in five minutes recovered sufficiently 
to swim several strokes, and in seventeen minutes the co-ordinated move- 
ments of this specimen could not be distinguished from those of a per- 
fectly normal larva. In other cases the recovery of palustris larve was 
found to be considerably more rapid than in the experi- 
ment just described in full though it was never so rapid 
as is the case with virescens larve. It is clear then that 
the mechanism requisite for carrying oui the complex 
muscular movements of locomotion and respiration de- 
velops normally without ever having functioned, although 
in the normal development of the embryo, the acquire- 


i ment of this power is a gradual one, being accompanied 
Fi by the frequent activity of the parts. 

Ee: The irritability of the developing embryos was tested 
ayy in the experiments from day to day by stimulation with 
iy a needle-point. No reflex response was ever observed at 


any stage in embryos reared in solutions of 0.02 per cent, 
ij except in a few doubtful instances. Neyertheless it 


epee EERE, 
me 
PEP 3 


pannaan 
Ea lanesere 


re for in putting them into the ordinary fixing fluids, such 
He as mercuric chloride or formalin, no movements were 
mt ever observed, while normal embryos contract their 
muscles violently. The irritability of the muscle itself 
remains, however, even in embryos kept in the stronger 
solutions of the drug, but the effect of direct stimula- 
~ tion of the muscles may readily be distinguished from | 
Fre. 18. Mus- that of the indirect or reflex irritation. The former 


cle fibers from 


myotome at base js evidenced by a sharp tonic contraction of the myo- 
of tail of larva 7: 5 ae 
kept six days in tomes on the same side of the body and immedi- 


acetone - chloro- 
form. ately at the point of application of the needle prick; 
moreover, this type of contraction takes place only on 
strong stimulation, often only when the muscle is actually pierced by 
the point of the needle. The reflex response of normal embryos is quite 
different from this. If one stimulates a young embryo by lightly touch- 
ing it on one side of the body, the first response is a general contraction 
of the myotomes usually on the opposite side of the body, followed by the 


alternate contraction of the two sides, which results in a co-ordinated 


S. 


5 } r seemed safer to experiment with somewhat stronger solu- 
e Q tions (0.025 to 0.03 per cent), in which no embryos ever 
i H manifested any reflex activity whatever. Electrical 

ad ; stimuli were not tried, but it ; was observed that the 
3 ‘ 4 drugged organisms were not sensitive to chemical stimuli, 
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swimming movement. These experiments afford therefore a corrobora- 
tion of the conclusion drawn from experiments on higher animals that 
the acetone-chloroform acts upon the nerve centers and not peripherally. 

The general retardation of the development of the drugged organisms 
results probably in the first instance from disturbances in the metabolism 
of the cells, possibly in their diminished power of oxidation. It is at 
least justifiable to assume this in view of our knowledge of the action 
of related substances, such as chloroform, upon adult organisms. While 
the external gills of the embryo are functional, this is perhaps the sole 
cause for the slower development. Later, when the internal gills are 
developed, the larve, which are normally dependent on the respiratory 
movements for the proper aeration of the blood, must lack an adequate 
supply of oxygen. This contributes to further delay in development 
and no doubt is the cause of some of the deviations from the normal 
course, which manifest themselves more clearly in this late period. 

The differences in external form between the normal and the drugged 
embryos are not great. There is often a considerable effusion of fiuid 
into the pericardial cavity at an early period, causing an unusual swelling 
in this region:(cf. Fig. 12 and Fig. 13) ; and besides, the bodies of the 
drugged larve are usually somewhat swollen. The caudal fin of these 
specimens fails to expand as fully as in normal ones (cf. Fig. 14 and 
Fig. 15). The cedema and the pericardial effusion are no doubt due to 
weakened heart action, and this may affect also the circulation in the 
tail to some extent, resulting in a slight arrest of development. The 
vacuoles, which form in the axial sarcoplasm of the muscle fibers, may 
also be accounted for by disturbances in the circulation. 


DISCUSSION OF THE RESULTS. 

In the first series of experiments described above, the spinal cord of 
the embryo was removed before the histological differentiation in either 
the muscular or the nervous tissue had begun. From the very beginning 
of the visible changes in structure, which transform a simple meso- 
dermal cell into a muscle fiber, the isolation of the musculature from the 
nervous system was complete. All chance for the exertion of any pecu- 
liar formative stimulus emanating from the nervous system as such was 
eliminated ; and likewise, owing to the consequent paralysis of the mus- 
cles in question, any possible stimulus resulting from the functional 
activity of the muscle itself was excluded. Still the differentiation of 
the contractile substance took place in normal manner, as did the group- 
img of the fibers into individual muscles. Just as Schaper’s experiments 
have shown that the brain as a nerve center exerts no general formative 
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influence upon the development of the organism as a whole, the present 
experiments demonstrate that the nerve elements normally innervating a 
muscle play no part in its morphogenesis. 

This experimental demonstration of the independence of the develop- 
ing muscular tissue may be regarded as crucial evidence against the 
general correctness of the view held by Neumann, o1 and 03, that the 
first development of the muscles takes place under the influence of the 
nervous system through the agency of the motor nerves. Herbst’s, o1, 
assumption of a formative stimulus proceeding through the sensory 
nerves is also shown to be erroneous. Of course there is the possibility 
to be considered that the conditions obtaining in mammals differ, in 
regard to the action of the nervous system, from those in the frog; but 
this is not likely, and in view of the relative activity of the developing 
tadpole, as compared with the nammalian foetus, any differences between 
the two would most likely be in favor of a more important influence being 
exerted by the nervous system in the former than in the latter. 

The second series of experiments is like the first in that the effect of 
possible functional stimuli is entirely eliminated, although the possi- 
bility still remains that special formative or trophic stimuli, if such 
exist, are not interrupted by the action of the acetone-chloroform. While, 
therefore, the latter experiments are in themselves not so conclusive as 
the former in proving that the histological differentiation of the muscu- 
lature is independent of the action of the nervous system, the similar 
results in the two series would indicate that the two methods of elmina- 
tion of nervous action, the operative and the chemical, are as a matter 
of fact equivalent. ‘The experiments with acetone-chloroform have the 
additional value that the function of the nervous system may be restored 
by the removal of the drug from the organism. In this way the func- 
tional power of the complex nervous and muscular mechanisms, which 
carry out the movements of swimming and respiration, may be tested. 
The surprisingly quick recovery—or better, since the musculature had 
never shown any activity—the- quick acquisition of the power to carry 
out these movements, shows that the mechanisms in question develop in 
perfect order, without the influence of normal function in each succes- 
sive stage. ‘The organism in which this takes place is one which is nor- 
mally very active, and one in which the power of locomotion is only 
gradually acquired. While the above fact cannot but strike one as remark- 
able, it is, nevertheless, on the other hand, in accordance with what 
should in reality be expected, for such complex mechanisms as, for ex- 
ample that used in respiration, develop in the mammallian embryo dur- 
ing intrauterine life without ever having been brought into action. 


Vv 


Ross Granville Harrison 21% 


While it has been emphasized in the foregoing that the building up 
of the musculature takes place normally even in the absence of connec- 
tion with the nervous system, it is not to be lost sight of, that in all of 
the experiments certain signs of interference with normal development 
and of degeneration make themselves apparent. The general retarda- 
tion of the development of embryos reared in acetone-chloroform may, 
however, be accounted for, as pointed out above, by the direct action of 
the drug upon metabolism and upon the heart. The most noticeable 
degenerative change in the embryonic muscle, the appearance of vacuoles 
in the axial sarcoplasm, may also be explained as due to disturbances in 
the circulation. That the vacuolization of the embryonic fibers is not 
due specifically to the removal of nervous influence is shown clearly by 
the fact, to which Dr. Knower has called my attention, that an exactly 
similar condition supervenes in the musculature of frog embryos from 
which the heart had been removed at an early stage. Much of the inter- 
ference with the normal processes of development may therefore be set 
down as due to influences other than the changed relations with the ner- 
vous system, though it is not impossible that the disturbances are due 
to some extent to the latter cause. This would not be remarkable, how- 
ever, in view of the well-known fact that in the adult a muscle undergoes 
atrophy after its nerve supply is cut off.’ 

We must, in fact, consider the embryo not merely as a developing 
organism, in which the parts are important potentially, but also as an 
organism, which in each stage of development has functions to perform 
that are of importance for that particular stage. If these functions are 
interrupted, as they are in the present experiments, we can but expect 
to find, that side by side with the constructive processes which build up 
a muscle fiber out of an undifferentiated muscle cell, and which, as the 
experiments show, take place quite independently of the nervous system 
or the stimulus of function, there also take place certain degenerative 
changes due to the absence of these influences. The results of experi- 


“The morphological changes which take place in a muscle after neurotomy 
have been the subject of numerous investigations, of which a full review 
has been given by Stier, 97. The most pronounced changes are diminution 
in the caliber of the fibers and proliferation of the sarcolemma nuclei. Ricker 
and Ellenbeck, gg, find also vacuolization of the fibers and other signs of 
edema. Ricker, o1, explains the changes which take place as due primarily 
to the interference with the normal working of the vasomotor apparatus 
of the muscle. De Buck and de Moor, 03, who have studied the subject most 
recently, emphasize the regressive changes of the muscle fiber itself, i. e., 
its return to the embryonic condition, and consider the changes to be due 
to the lack of functional stimuli. 
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ments on the sense organs of the lateral line, after destruction of their 
nerve supply, bear out the correctness of this view. 

Long ago Roux, 81 and 85, suggested ‘that the development of the 
organism could be divided into two periods, the one an organ-forming 
period and the other one of functional development. In the first the 
organs are formed and brought to that condition in which they are capable 
of beginning a specific function ; in the second period, in which the organs 
exercise their specific function, their further perfection is helped by this 
activity and interfered with by its absence. While the general aptness 
of this distinction is apparent, the present study shows that there is not 
only an overlapping of the two stages in different systems of organs, as 
Roux pointed out, but also in the same organs; even in one and the same 
muscle fiber, as shown above, the tendencies of the two periods may mani- 
fest themselves side by side. It must nevertheless again be emphasized 
that all of the constructive processes involved in the production of the 
specific structure and arrangement of the muscle fibers take place inde- 
pendently of stimuli from the nervous system and of the functional 
activity of the muscles themselves. 
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A BONY SUPRACONDYLOID FORAMEN IN MAN. 


WITH REMARKS ABOUT SUPRACONDYLOID AND OTHER PROCESSES 
FROM THE LOWER END OF THE HUMERUS. 


BY 
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Parkman Professor of Anatomy at the Harvard Medical School. 


WITH 1 PLATE. 


This foramen (Fig. 1) which, so far as I know, is unique in litera- 
ture, occurs in the left humerus from the body of a white woman aged . 
5%. There is neither supracondyloid foramen nor process on the right 
one. Otherwise the humeri are very symmetrical, and present no signs 
of pathological ossifications. The length of each is 28.5 cm. The 
angle of torsion of the right humerus is 157 degrees, and on the left 
160 degrees. The process inclosing the foramen springs from the inner 
surface about midway between the internal and anterior borders 62 mm. 
above the lowest part of the trochlea. It arises by an extremely thin 
triangular expansion, about 1 cm. broad from above downwards, and 
is continued as a slightly convex arch 32 mm. long, measured on the 
convexity, to end in another triangular expansion some 4 mm. broad on 
the anterior surface of the internal condyle, 2 cm. above its lower 
border. The foramen, therefore, is bounded wholly by bone. The pro- 
cess is an extremely delicate structure, especially in the upper two thirds, 
where its thickness is that of paper. The lower end is from 1 to 2 mm. 
thick. The process is twisted in its course, the expansion at its origin 
facing outward and forward, and that at its end forward and inward. 
The thinner part above passes into the thicker part below without any 
change of character. 

The median nerve ran through the foramen. The brachial artery 
passed over the origin of the process. The brachial artery and its 
branches were very small; the anterior circumflex was very minute, pos- 
sibly represented by two twigs, the posterior circumflex was represented 
by a branch from the superior profunda. At about the usual place of 
division the brachial gave off a radial artery of about half the diameter 
of the ulnar, which latter seemed to be the direct continuation. The 
AMBRICAN JOURNAL OF ANATOMY.—VOL. III. 
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median nerve arose in the usual manner, but at about the middle of the 
arm passed behind the brachial artery from without inwards, and at 
the lower third became separated from it. It passed through the for- 
amen, lay between the pronator radii teres, and the brachialis anticus, 
and entered the forearm between the two heads of the pronator. The 
origin of this muscle was continued into the lower third or more of 
this process while the brachialis anticus received fibres from about a cor- 
responding area at the upper end, the middle of the arch having no 
muscular fibres and appearing as a white line. 

There can be no question that this bony arch represents the process 
with its fibrous continuation which bounds the occasional opening in 
man representing the widely distributed supracondyloid foramen of 
animals. (I may mention in passing that the fibrous band is not con- 
stant. My experience in this respect agrees with that of Nicholas (1) ). 
In the first place the process that bounds the foramen occurs at the 
normal point of origin of the supracondyloid process. This, according 
to Otto (2), is in a line from the inner border of the trochlea to the ante- 
rior border of the greater tuberosity. Testut (3) accepts this and adds 
another line of his own from the groove in the trochlea (gorge de la troch- 
ice) to the middle of the articular surface of the head. In point of fact 
the course of these lines must be far from constant; but if both these 
statements be correct, as they approximately are, the process must be 
at the point of intersection of these lines. Although this is true, the 
process is lower than usual. I have said it arises 62 mm. above the 
lowest point of the inner border of the trochlea, the measurement being 
taken from the highest point of the origin of the process. Testut gives 
the average distance of eight cases as 71 mm. and Nicholas that of six 
as 73 mm. Moreover, the latter, at least, placed his starting point at 
the middle of the base of the process. Ruge (4) declares that according 
to all experience the position is a constant one; which is practically 
in accord with my own less extensive observations. There are, however, 
certain exceptions to be mentioned later. Another important fact is 
that the median nerve passes through the foramen, 7. e., under the pro- 
cess. It may be asked whether this is a real foramen; that is to say: 
was the strip of bone bridging it over either laid down in cartilage or 
formed by the early ossification of the completing band, in contradis- 
tinction to a quasi-accidental ossification of that band in adult life? In 
other words, have we at last found the supracondyloid foramen in man? 
I incline very strongly to consider it a real foramen, and probably one 
formed by a cartilage. The process usually, when it is more than a 
ridge or a tubercle, is thick at its base and narrows to the point which 
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may or may not expand into a knob. It is much stronger than the 
ligament continuing it. Here, on the contrary, the border of the for- 
amen is thicker below than above. So far as I can remember, all the 
connecting bands which I have seen, or of which I have seen figures, 
run straight or even in a concave line to the inner condyle; this, on the 
contrary, is convex. It.is worth noting that in the few supracondyloid 
processes which have been observed in children ossification begins very 
early. Thus Macalister (5) mentions a specimen in the Cambridge Mu- 
seum from a child 27 months old, in which the process is 3 mm. long, 
and both it and the faint ridge above are ossified. Cunningham (6) has 
seen the process in both arms of a child of three: on one side 4 mm. 
long, on the other 3 mm., and both completely ossified. More remark- 
able still, he has seen it in both arms of a full-time still-born child. 
“In both bones the process is 5 mm.; and further, it is fully ossified 
from base to tip. From this it would appear that the supracondyloid 
process is ossified along with the diaphysis, and from the same center ; 
and further, that its ossification is completed at an extremely early 
date.” There is, I think, every reason to believe that this arch was 
originally cartilaginous. The case most nearly approaching this, which 
I am acquainted with, is that reported by Tandler (7). It was also found 
on the left arm of a woman. The arch, which was bony in the middle 
and fibrous at both ends, passed over both the artery and the nerve. 
This implies an early cartilaginous arch incomplete at the ends. 

A very thorough examination of the literature has failed to reveal the 
record of any similar case in man. It is perhaps less surprising that it 
has now been observed than that it has not been observed sooner.’ 

A rather curious paper by Solger (8) has raised the question whether all 
processes which at first sight seem to be supracondyloid have the same 
significance. He describes a process which he calls anterior sive medius 
about 1 em. long, hooklike, and directed imwards, arising about 4 em. 
above the capitellum (capitulum), from which a dense cord of fat, 


1Tt is hardly conceivable that any anatomist who should have met with such 
a specimen should not have made it public. I am told by a competent anato- 
mist that he saw a foramen several years ago in a laboratory in Vienna. It 
was also reported to me on the authority of a student that there is a similar 
specimen among the Indian bones in the Peabody Museum at Cambridge. With 
the kind help of Dr. Farabee of the Museum I searched for it in vain for some 
three hours. Dr. Farabee thought that we examined nearly a thousand 
humeri. I should hardly dare to place the number so high; but it is worth 
noting that among several hundred Indian bones we found only two instances 
of a supracondyloid process, one of which was small, and the other smaller. 
I imagine that the foramen seen by the student was above the trochlea. 
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which he considers an accessory head of the muscle, ran into the 
brachialis. The pronator teres, the vessels and the median nerve showed 
no peculiarity. According to him, “Such abnormal processes with 
abnormal prolongations of the muscles attached to them may spring, as 
is well known, from various parts of the diaphysis above the inner con- 
dyle.” Solger considers this and two or three others, which he thinks 
he has found in literature, as intermediate between the internal supra- 
condyloid process and the rare external one. The cases he refers to are 
two out of five reported by Gruber (9), and one out of four reported by 
Turner (10). Having consulted the original papers, I am far from con- 
vinced. Gruber himself says that his five new cases presented the same or 
similar features as the preceding forty-two. Turner states distinctly 
that in all four cases the process arose from the inner part of the shaft, 
and that in all the median nerve passed under it. Perhaps the most 
important peculiarity of. one of his cases, presumably the-one referred 
to, is that no fibres of the pronator came from the process nor from the 
band. The situation of the process in Solger’s own case is certainly 
very remarkable, but I cannot see that the cases he cites belong with it. 
On the other hand, Bertaux (11) in the same year reported three cases 
which seem to support Solger’s views. Unfortunately there is no account 
of the soft parts. Two of the specimens are from the same skeleton. The 
right process is flattened and triangular, with a long base, continuous 
above with thesanterior border of the bone, and prolonged below to the 
inner border of the coronoid fossa. The upper and lower borders of 
the process are so symmetrical that it points neither upward nor down- 
ward, but is turned inward so as to form something of a gutter. The 
left one is similarly placed but is larger and with less symmetrical bor- 
ders, the upper one being more nearly horizontal and also rougher. The 
third instance is unilateral, on the left arm of a man of 27. The 
process has the usual appearance, extending hook-like downwards and 
inwards, the only important peculiarity being that it seems to be con- 
tinuous with the anterior border. Peculiar processes, not easy to inter- 
pret, certainly arise in this region. 

The following instance is, perhaps, worth reporting, though unfor- 
tunately I have no data beyond those offered by the macerated humerus 
recently added to the Warren Museum. The specimen (Fig. 2) came 
from a white man aged 50, who evidently was of very powerful frame. 
The humerus is strong, and the muscular ridges well developed. The 


*“ Elle semble s’insérer sur un dedoublement du bord antérieur, soulevé 
fortement a ce niveau.” 
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anterior border of the humerus, instead of subsiding as it approaches 
the lower end, becomes more and more prominent and is continued 
into a stout process slanting downwards, forwards and somewhat in- 
wards to end free above the inner half of the trochlea. The vertical 
distance from the under side of the root of the process to the level of 
the lowest point on the inner border of the trochlea is 4 em. The lower 
border of the process measures 16 mm. It is more difficult to measure 
the upper border, as it has no definite beginning. It may be said to be 
about 25 mm. ‘The process is compressed from side to side, the vertical 
diameter being about 11 mm. and the transverse about 6. It is some- 
what enlarged at the free end, which is rough and irregular, and rather 
suggestive of having been covered with non-articular cartilage; the bone 
is otherwise healthy, but the shape at the lower end is modified by the 
exaggeration of the anterior border, which is, as it were, pulled forward 
by this process. The posterior surface of the bone shows the effect 
of the distortion, being hollowed above the olecranon fossa to a remark- 
able degree. This very certainly is a congenital malformation, and no 
post-partum pathological exostosis. If it made a foramen at all it 
must have been by some connection with the ulna, but the appearance 
of the joint does not indicate any limitation of motion. It is hardly 
conceivable that it formed any connection with the internal condyle. Its 
inner aspect is slightly grooved as if it may have rested against the 
artery and nerve. It certainly is not an internal supracondyloid pro- 
cess. It might be called an anterior or middle one, were the term con- 
sidered justifiable. Gruber would have called it a false internal supra- 
condyloid process. I cannot help thinking that Poirier (12) must have 
met with some such process as this when he speaks of having witnessed 
the removal of a supracondyloid process that interfered with the motion 
of the joint. It is not credible that the ordinary supracondyloid pro- 
cess should do this.” The same may be said of processes which are 
easily felt during life. I examined the body on which this foramen 
was found before dissection with a special view to supracondyloid pro- 
cesses without detecting anything uncommon. | 

I hesitate to agree with Solger in considering this as intermediate 
between the internal supracondyloid processes and the “much rarer ex- 
ternal ones.” I do not admit a middle supracondyloid process. Ber- 


*“ Jai pu sentir l’apophyse sur le cadavre entier et j’ai vu, A Londres dans 
le service de Lister, enlever une apophyse trés developée qui, faisait saillie 
sous la peau et génait les movements du coude: il fallut détacher les faisceaux 
du rond pronateur qui s’inséraient sur le crochet osseux.” 
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taux’s observations prove, however, that the position of the usual process 
is not fixed. Is it possible that it may wander so far as to appear over 
the external condyle? 

The external supracondyloid process rests, so far as I know, on the 
solitary observation of Barkow (13). It is not surprising that though the 
reference to Barkow’s paper is common enough, few seem to have any - 
definite idea of what he described, as his observations are not easily 
accessible. Having had the advantage of seeing the original, which is 
in the Surgeon-General’s Library at Washington, I give a photograph 
(Fig. 3) of his figure so that others may judge for themselves of this 
process. Gruber (14) is very severe in his criticisms of Barkow. The pro- 
cess, he says, is neither in the place it should occupy were it the ana- 
logue of the process in mammals it is held to represent; it is in no rela- 
tion to the radial (musculo-spiral) nerve; it points downwards instead 
of upwards. I am not quite convinced that it is impossible that the 
nerve should pass under this process, though it certainly is placed below 
the usual course of the nerve. It is probable that it is a mere irregular 
ossification of the external supracondyloid fibrous tissue; but after all 
it has a decided resemblance to the internal supracondyloid process. I 
believe that it is of no significance. 

In conclusion I would say something as to the explanation of the 
occasional appearance of the supracondyloid process or foramen in man, 
much discussed as this question has been. I had the honor of reading 
a paper on the “ Significance of Anomalies” before the Association of 
American Anatomists in 1894 (15). One of the instances I chose was the 
supracondyloid process. While I could offer no satisfactory explana- 
tion, it seems to me that I showed well-nigh insuperable objections to 
the common plan of calling them reversions. I then said, “It is clear 
that if an anomaly in man is to be called a reversion, either the species 
in which it is normal must have been in the direct line of ancestry, or 
_there must have been a common progenitor.” I am inclined now to add 
that it is reasonable to expect that this common progenitor should be, 
as one may say, somewhere within call. I also laid stress on the argu- 
ment that similarity of structure does not necessarily imply common 
descent; and this is true when we consider the normal structure of ani- 
mals of different orders, or even I may say of different classes, as well 
as the variations. “Very valuable work has been done by distinguished 
colleagues since then. Professor Huntington (16) has emphasized the 
occurrence of such phenomena and has stated the matter with great 
clearness. Treating of muscular variations he distinguishes three kinds. 
Archeal reversional variations repeat conditions which are not found in 
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the mammalia, but which appear homologous with structures in other 
vertebrates and indicate a reversion to the common vertebrate type ante- 
cedent to class distinctions. Less far-reaching are progonal reversional 
variations in which the observed structure is normal in no species of 
that order, and consequently points to the common class stem. Ataval 
reversional variations represent structures which though not normal in 
the species in question exist in species of the same order. The supra- 
condyloid process, according to him, belongs to the first of these classes ; 
but the question at issue is, whether this method affords any solution of 
the difficulty. Now the possibility of a reversion is not in the slightest 
established by calling it archeal; on the contrary it may be said that by 
defining the dimensions of the gulf to be passed the probabilities of a leap 
over it become less conceivable. In short, according to the general 
teaching, it seems to be claimed that putting aside alleged progressive 
variations and such as for want of a better word may be called acciden- 
tal, there is no principle to account for variations save reversion. But 
the difficulty is not yet fully stated; for the problem is not to account 
for the supracondyloid process only, but for all the variations of bone, 
muscle, viscus, etc., that occur in man or in any animal. So far as they 
have been studied we do not find any universal concurrence in the evi- 
dence; and yet it is essential to the theory that there should be no con- 
tradictions. I have from the first been much impressed by the passage 
in the late Lord Salisbury’s (17) Oxford address concerning Mendeléef’s 
law according to which “ elements can be divided into families of about 
seven, speaking very roughly: that those families all resemble each other 
in this, that as to weight, volume, heat, and laws of combination the 
members of each family are ranked among themselves in obedience to the 
same rule. Hach family differs from the others, but each internally is 
constructed upon the same plan.” What was a weakness in this theory 
“was turned into strength,’ to quote again his words, by the discovery 
of certain elements which were wanting in some of the groups when the 
law was first announced. He continues: “If these were organic beings 
all our difficulties would be solved by muttering the comfortable word 
‘evolution "—one of those indefinite words from time to time vouchsafed 
to humanity, which have the gift of alleviating so many perplexities and 
masking so many gaps in our knowledge.” Physics not being in my 
line, I thought it advisable to inquire of an authority whether this were 
correct, and was assured in reply that Mendeléef’s law had been confirmed 
and strengthened since Lord Salisbury’s address and is now used as the 
working hypothesis. If, then, we have such curious resemblances in 
non-organic nature, why should the mere fact of life put aside the possi- 
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bility, or rather the probability,of an analogous state of affairs in animals? 
We find similarity of plan where inheritance is excluded, ergo inherit- 
ance is not the sole cause of similarity, whether we deal with the normal 
condition or with variations. The old idea of type, abused and made 
ridiculous as it has been, is not all error. 
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EXPLANATION OF FIGURES ON PLATE I. 


Fig. 1.—Supracondyloid foramen seen not directly from the front, but a 
little from the outside. 

Fig. 2.—Peculiar process from anterior border. Inner aspect. 

Fie. 3.—Barkow’s ‘“‘ external supracondyloid process.” 
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Weigert’s paper of 1895 and the investigations stimulated by it have 
led to the conclusion that the neuroglia as found in the adult nervous 
system presents two general forms: 

First, the more plastic protoplasmic form. This occurs either as 
masses of more or less modified protoplasm enclosing one or several 
nuclei and having a more or less definite shape— neuroglia cells ”— 
or it occurs in the more accumulated and somewhat different form of 
the substantia gelatinosa. : 

Second, it oceurs in the form of the neuroglia fibers, which are in no 
sense cell processes, but rather are both morphologically and chemically 
different from the protoplasm. However, they are derived from the 
protoplasm, though the manner of their origin is not well understood. 

During a study of the neuroglia as found in the nervous system of 
the elephant (Hardesty, 02), some appearances were noted which seemed 
suggestive of the earlier form of the tissue and the processes by which the 
neuroglia fibers are developed. The chief purpose of that paper was to 
describe the adult form of the tissue as found in the spinal cord of the 
elephant and to compare it with the more familiar appearances in the 
adult human nervous system. In addition to this, however, attention was 
called to evidences indicating (1) that the neuroglia tissue can in no 
sense be looked upon as composed of independent, or even individual, 
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“neuroglia cells,’ but consists rather of an early formed protoplasmic 
continuum, or syneytium, extending throughout the confines of the cen- 
tral nervous system and in which the nuclei are situated at irregular 
intervals and in irregular numbers; (2) that the later formed appear- 
ances of the tissue, usually described as “ neuroglia cells,” are simply 
masses of this syncytium more or less isolated by being molded into the 
interspaces resulting from the ingrowth and enlargement of the nervous 
elements, the “ processes of the cells ” being only the more attenuated por- 
tions of the syncytium connecting contiguous larger masses occupying 
larger interspaces; (3) that finally the neuroglia fibers, or that form of 
the mature neuroglia which is differentiated by the special neuroglia 
stains, result from a transformation of the syncytial substance. The fibers 
in the adult are of irregular and indefinite length. A single fiber may 
frequently be traced through the domain of several “ neuroglia cells.” 

These impressions were obtained chiefly from favorable preparations 
of the adult tissue. 'To observe the processes by which the neuroglia 
arises and its fibers develop, the study must of necessity deal with differ- 
ent stages of the growth and development of the organ containing it. 
This paper is an attempt to describe certain of these processes thought to 
be indicated by conditions found in the developing material. 

In general, the literature touching the subject is unsatisfactory, from 
the fact that in most cases the authors deal with other than the special 
features herein concerned. Often an author’s statements, and his illus- 
trations especially, show that he has seen certain of the features I shall 
try to describe, but usually giving special attention to the developing 
nervous structures, he either leaves the supporting tissue unnoticed or 
describes its appearance from a different point of view. In fact, the 
idea of a syncytium in these phases of development seems to be compara- 
tively new in the literature. 

In order to avoid possible confusion in its use, it is perhaps best to 
define how the term syncytium is used in this paper: Wherever there 
occurs a division of the nuclei without a corresponding division of the 
cytoplasm there results a syncytium, or a condition in which the nuclei 
are distributed in a common mass of cytoplasm. The nuclei may or 
may not exhibit a regular form of arrangement; the mass itself may or 
may not have definite shape. This definition may be strained to include 
the giant marrow cell or the striated muscle fiber. In these there is a 
more or less definite shape with a more or less definite arrangement of 
the nuclei. The periblast of certain early embryos has neither. Mall, 
02, especially describes the early form of the connective tissues of the 
body as that of a syncytium which results from the fusion of the mesen- 
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chymal cells. Here is a syncytium with its nuclei variously distributed 
and with a shape and boundaries none other than those of the entire 
body of the animal itself. 

As to the processes by which the syncytium may be formed, His, 98, 
in his paper “ Ueber Zellen und Syncytienbildung,” states that a syn- 
cytium may occur either in consequence of delayed formation of the cell 
membranes or it may, secondarily, arise from a fusion of cells already 
formed. In the first case the syncytium may or may not disappear 
through a later formation of cell boundaries. Mall’s description of the 
connective-tissue syncytium deals with embryos in relatively late stages 
and, in this case, it is needless to state that it maintains. It is a stage 
in the development of a tissue, the very nature of which forbids its 
breaking up into individual cells. Portions of the substance of the 
syncytium may become converted or differentiated into structures differ- 
ently arranged and chemically different from the remaining portion. 
Fibrille are developed in the muscle cell, and Mall has described the 
development of different forms of connective tissue (fibrous, etc.) from 
the syncytial protoplasm. 


MATERIAL AND MeEtnops. 


Pig material has been used almost exclusively because the different 
stages required could be more easily obtained. The observations have 
been confined to conditions found in the spinal cord alone and in all 
cases the pieces were taken from the cervical region. Preparations of 
the adult pig were supplemented with similar preparations of human 
spinal cord and with that of the ox. In order to follow the developmental 
changes as closely as possible, preparations were made from quite a 
number of pig embryos and foetuses. The smallest I was able to obtain 
measured 5 millimeters, unfiexed. Beginning with this, the series 
involved about twenty different stages, the first seven being taken at 
much closer intervals than the remainder. ‘The series terminated with 
a foetus of 28 centimeters, suckling pigs of two weeks, and specimens 
from two adult hogs. Up to 10 millimeters the measurements could 
be taken from head to tail; after that “crown rump” measurements 
were taken in the usual manner. 

During, and for a time after, the fiexion of the embryo, measure- 
ment is a very unsatisfactory method of expressing age in pigs. A 
flexed embryo may measure only 7 millimeters, when an unflexed, and 
evidently younger one, may measure 8 millimeters. Also from 15 to 
30 millimeters, pigs giving the same crown rump measurement may 
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vary greatly in bulk, and, evidently, in age. Whenever possible, attention 
was paid to the thickness as well as the length of the specimens. 

Only one method was employed with the first three specimens of the 
series. ‘They were fixed in Carnoy’s (Van Gehuchten’s) fluid, and thin 
paraffin sections were stained with hematoxylin and counterstained 
with Congo red, the latter being an excellent cytoplasmic stain and 
having been previously found very efficient to bring out cell boundaries 
when such are present. Pieces of the spinal cord of the remaining of 
the series were prepared by the special neuroglia method of Benda, oo, 
the procedure followed being that employed by Huber, or. In addi- 
tion, however, at various intervals in the series, pieces were prepared 
as were those of the first three stages. Also Mallory’s method for 
white fibrous connective tissue, or, was frequently employed. 

For purposes of comparison and control, the silver method was 
apphed to pieces from ten stages in the series. Beginning at 10 milli- 
meters, the first six of these stages were in the identical order of the 
series; the remaining were at greater intervals. I was unable to get 
the silver method to succeed with specimens below 10 millimeters in 
length. Both the “rapid Golgi method” and the application of silver 
to material preserved in formalin were used. After considerable 
manipulation, a successful precipitation of the silver salt was obtained 
in all the stages above 10 millimeters deemed necessary, and in the 
younger of these especially the results were remarkably satisfactory. 

Pieces of the spinal cord from ten of the stages were also subjected 
to the digestive action of pancreatin. The youngest of these meas- 
ured 15 millimeters, the oldest foetus was 28 centimeters, while the 
last two were from the suckling pig and from the adult. Pieces of 
adult human spinal cord were also subjected to the digestion experi- 
ments. ‘The procedure followed in these experiments was that given 
by Flint, 02, which had previously proven highly successful with pieces 
of other tissues. With the youngest specimens it was found necessary 
to remove the one or two segments required in situ and digest with the 
vertebral canal intact. Alone, they are so small and become so friable 
that there is danger of losing them entire. Older than 20 centimeters, 
if care be used, sections of the cord 2 to 3 millimeters in thickness may 
be handled during digestion. 

In determining the period at which medullation begins, osmic acid 
was employed upon pieces taken from pigs between 14 and 25 centi- 
meters. 

By the Benda neuroglia stain, the neuroglia fibers and the chromatin 
of the nuclei stain deep blue. In fact, these are the only structures 
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which do stain blue. That the neuroglia fibers so stain is the chief 
means by which they are distinguished as such. In other words, the 
usual descriptions of neuroglia only apply to such fibers as are capable 
of being thus differentiated by the special stains, though it is perhaps 
true that only the fully developed fibers or those of a certain chemical 
nature give the blue reaction. Other forms of the non-nervous tissue 
of the spinal cord are stained brownish-red, or different shades of pink, 
by the sodium sulf-alizarate employed in the method. 

In the earlier stages of the pig, before the neuroglia fibers are devel- 
oped, the nuclei. alone are stained by the blue. The general spongio- 
blastic tissue stains deep enough pink for its structure and arrange- 
ment to be studied with ease, but the alizarin is not to be trusted to 
bring out cell boundaries when present. Therefore, in the earlier stages, 
other methods were used also. For the adult neuroglia, however, the 
Benda method exceeds all others for clearness of detail of the neuroglia 
fibers and for sharpness of contrast. 


THE ForMaATIoN, EARLY GrowTH AND PRIMITIVE ForM OF THE 
SYNCYTIUM. 


It is unquestioned that in the earliest stages of the embryo, the cen- 
tral nervous system is at first composed of individual cells, distinctly 
outlined and definitely arranged. At this stage His, 87, states that the 
cells are neither connected with themselves nor with the periphery. 
That at about the time of the closing of the neural tube, the membranes 
of these cells begin to disappear and their cytoplasm becomes fused 
into a more or less common mass, has been shown by several investi- 
gators of this stage of the growth of the nervous system. His’s papers 
of 83, 86, 87 and 8g often refer to the fusion, and in the illustrations 
certain of the conditions resulting from it are shown. Schaper, 97, and 
others of those investigating the mitosis and distribution of the cells 
of the early nervous system also show these conditions. 

The general name of newrospongium or myelospongium has been 
applied to this early form in the central system, but, after studying its 
formation and the changes it undergoes in the later development, it 
seems to me that the term syncytiwm, as used in other cases, is more 
expressive of the nature and behavior of the substance resulting from 
the fusion of the cells. I have found in the literature no description 
distinctly considering it as a syncytium and no account of the modifi- 
cations it undergoes in the development of the adult form of the sup- 
porting tissue of the central nervous system. 
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Figs. 1 to 4 are given to show the beginning and primitive form of 
the syncytium. Being unable to obtain a pig embryo in the stage 
either before or at the closing of the neural tube, Fig. 1 is a copy of a 
drawing from His, 89, and represents the medullary plate of a rabbit 
embryo just before the closing of the tube. All the other figures are 
from my series of pig embryos. 

Fig. 1 shows the wall of the nervous system when it consists of but 
one layer of cells. These are distinctly outlined with their boundaries 
intact. The nuclei are so placed that on the dorsal side, or what will 
be the ventricle after the closure, there appears a zone of cytoplasm (a) 
thicker than at the periphery (m). All the nuclei in mitosis (g), or 
germinal cells of His, are situated in the wider or ventricular zone. 
Neither of the limiting membranes are as yet evident. 

Fig. 2 represents a stage (5 millimeter pig) after the tube has closed 
and after considerable cell-division has occurred in the walls of the tube. 
The nuclei are irregularly distributed in at least three rows. All nuclei 
showing karyokinesis (g) are situated in the ventricular zone (a). 
Throughout the section cell-membranes are rapidly disappearing, except 
those of the cells immediately bordering the ventricle. ‘he membranes 
of the long axes of the cells persist longer than at the ends. The oblitera- 
tion of the boundaries of the ends of the cells results in radially arranged, 
nucleated columns of protoplasm (7), extending from the ventricle to 
the periphery. Throughout the protoplasm of the section a general 
spongioplasmie network is easily seen. It is not interrupted along 
lines where one would judge cell-membranes have recently existed, and 
its filaments are somewhat coarser than one would expect from the 
study of other cells. 

While the general epithelial character is still maintained at this stage, 
it is noticeable even here that the nuclei are becoming so arranged as 
to give the appearance of three zones or layers in the section :—an inner 
zone (a) practically free from nuclei other than those in the phases of 
mitosis; a middle, nucleated layer, and an outer layer (m), into which 
nuclei do not extend. It seems that the absence of nuclei in both 
the inner and outer layers is due to the nuclei of the cells forming the 
layers being situated in the ends of the cells farthest away from the 
inner and outer surfaces of the specimen. This three-layered appear- 
ance is maintained in the later forms by the migration of the nuclei 
from the inner layer, where they originate, into the middle nucleated 
layer, where they add to its thickness. One of the “ germinal cells” 
(g, Fig. 2) is probably beginning to migrate. 

The internal limiting membrane appears before the external. It is 
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evident in pigs of 5 millimeters (mili, Fig. 2). A study of their for- 
mation lends the impression that both of these membranes result from 
first a fusion and then a narrow condensation of the protoplasm imme- 
diately bordering the surfaces of the tube. The mesenchymal tissue 
surrounding the tube is already in the state of a completely formed 
syneytium, though the formation of the embryonic meninges from it is 
as yet scarcely begun. 

Fig. 3 represents a lateral segment of a transverse section of the 
spinal cord of a pig of 7% millimeters (practically unflexed). The 
arrangement into three layers is more evident, though the middle, 
nucleated layer is much thicker than in Fig. 2. The formation of the 
syneytium is now almost complete. No cell boundaries are evident, 
except in the inner layer (a), which is nothing more than the remain- 
ing inner limbs of the cells bounding the ventricle. As in Fig. 2, this 
layer contains no nuclei other than those in phases of karyokinesis. 
The middle, nucleated layer is thickened, and its nuclei show a radial 
elongation. ‘The syncytium once formed, there must be less resistance 
to the radial migration of the nuclei from their layer of origin. In 
fact, the very movements of the nuclei perhaps aid in producing the 
syneytium. ‘The movements evidently play a role in its later arrange- 
ment. 

The spongioplasmic reticulum is much coarser than in Fig. 2, show- 
ing both coarser and larger meshes. The cell boundaries having dis- 
appeared from the unexposed ends of the cells of the ventricular layer, 
the reticulum of these cells is continuous with that of the general 
syneytium of the section. The radially arranged columns apparent in 
Fig. 2 (r), if represented in Fig. 3 at all, have undergone great attenu- 
ation and appear drawn out into axial threads of more densely accumu- 
lated protoplasm (r, Fig. 3), in which several nuclei may be interposed. 
These axial threads seem to result from a spinning out of the reticu- 
lated protoplasm, due to the direction of growth and the movements 
of the nuclei through it. Thus radially arranged, the threads remain 
intimately connected with each other by means of numerous finer fila- 
ments, and the whole go to form a general reticulated syncytium with radi- 
ally elongated meshes. At one or either end of the nuclei there is natur- 
ally more of the protoplasm than in the general diameter of the threads. 
This, if the extent of the threads is not realized, may give the appear- 
ance of conical or fusiform cells scattered through the section. That 
the axial threads seldom appear continuous through the nuclear layer 
is no doubt largely due to their intermingling among themselves instead 
of maintaining a straight radial course and, consequently, in the neces- 
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sarily thin sections, they do not appear throughout. However, many 
of the nuclei are not interposed in these threads at all, but are merely 
enmeshed in the finer reticulum. This is especially true for the more 
scattered nuclei situated in the outer portion of the nucleated layer. 

The outer, non-nucleated layer (m) is beginning to assume the form 
which later characterizes it as the mantle layer or Randschleier of His. 
From the fine reticulum in Fig. 2, its protoplasm is now arranged into 
reticulated partitions bounding larger meshes, or in other words, it 
has become a sort of reticulated reticulum, a net seemingly with irregu- 
lar areas of broken meshes. At the periphery the fine-meshed reticulum 
is more intact and a portion of it is condensed to form the now distinct 
membrana limitans externa (mle). 

The connective-tissue syncytium immediately surrounding the neural 
tube (p) is at this stage becoming arranged with its meshes parallel 
to the external limiting membrane. Its anastomosing fusiform and 
stellate masses (cells) are becoming stretched upon the surface of the 
tube, due perhaps entirely to the growth of the latter, and thus there 
results the first appearance of the membrana meningea. At this stage 
no blood-vessels have grown into the spinal cord, and of course there are 
no nerve fibers. 

Fig. 4 represents a ventrolateral segment from a transverse section 
of the neural tube of a pig embryo measuring 10 millimeters (flexed). 
The conditions found in this stage are easily seen to be. transition 
forms of those shown in Fig. 3. Both of the limiting membranes have 
gained in thickness and the general radial arrangement of the syncy- 
tium between them is more marked than at 7 millimeters. 

On close examination of the inner’zone (a) what, under low power 
and especially in thicker sections, appears to be a layer of narrow cells, 
is really but the now evident ventricular ends of the axial threads 
formed by a spinning out of the protoplasm in the inner limbs of cells 
which were more or less distinctly bounded by membranes in Fig. 3, 
but which membranes have now entirely disappeared. The drawing 
out has resulted in the collapse of the original fine-meshed reticulum 
here, and now all that remains of it is represented by the fine lateral 
branches connecting the axial masses. As before, all divisions of nuclei 
occur in this zone and from the continued migrations, the middle, 
nucleated layer has gained further in thi¢kness. 

The further drawing out of the syncytial protoplasm gives rise to a 
more marked and coarser radial arrangement in the nucleated layer 
and to an interesting modification of the non-nucleated mantle layer 
(m). At the outer margin of the nucleated layer (b) the general 
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arrangement of the nuclei is disturbed, the nuclei being less oval and 
some of them may even lie transverse to the general disposition. This 
variation is coincident with a change in the behavior of the axial 
masses as they are continued into the mantle layer—a change which 
becomes more pronounced in the later stages. The axial masses, on 
reaching the border line between the nuclear layer and the non- 
nucleated mantle, apparently bifurcate, and the bifurcations give rise 
to a more tangled complex of the resulting threads. In the later stages 
it will be seen that some of the threads may even course at right angles 
to the general arrangement (Figs. 7 to 11). The tangle thus produced 
in this locality apparently becomes resistant enough to prevent, for a 
time, the nuclei from migrating into the mantle layer. 

While the bifurcations of the radially disposed threads may be looked 
upon as a means of compensating the naturally greater dispersion of 
the substance at the periphery of the tube, yet they do not arise by a split- 
ting of the threads as one might suppose from their appearance in the 
later stages (see Fig. 7). The bifurcations arise in practically the same 
way as the threads themselves. The method of their origin may be 
determined by comparing the structure of the mantle layer (m) in Figs. 
2, 3,4 and 7%. The fine-threaded, small-meshed reticulum of the earlier 
stages grows into a coarser, larger-meshed form. ‘Then there appear 
numerous, still larger meshes in the reticulum, and the smaller-meshed 
arrangement bounding these larger openings gives the appearance of 
irregularly arranged reticulated trabecule (Fig. 3). As the wall of the 
neural tube further grows in thickness, the mantle layer also thickens, 
and in the process undergoes a change in structure. The reticulated 
trabecule increase in substance, but, at the same time, being attached 
to the ever-extending periphery, they are drawn out or condensed till 
the meshes within them are obliterated and they become apparently 
solid trabecule with numerous thinner lateral branches extending, as 
before, into the large meshes (Fig. 4). Let this process of radial draw- 
ing out of the syncytium and condensation of the smaller meshes con- 
tinue, there begins to be suggested a radial arrangement in the mantle 
layer itself (see figures of the later stages). Thus the radially 
arranged axial masses of the inner portion of the tube being continuous 
with the protoplasm of the mantle layer, their apparent bifurcations 
result in the course of the change in the form of the mantle layer. 

Just as in the development of the nervous elements, the ventral por- 
tion of the neural tube precedes the dorsal portion (see Fig. 5), so, at 
first, the syncytial framework grows more rapidly in the ventral por- 
tion. It is on the ventral periphery that the mantle layer first thickens 
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and assumes the form shown in Fig. 4. Secondarily, both the nucleated 
layer and the mantle layer thicken in the dorsal portion also. As the 
wall of the tube increases in thickness, the syncytial protoplasm, being 
continuous throughout and common with both the internal and exter- 
nal limiting membranes, suffers a further spinning out. In other words, 
the axial threads, though gaining in the actual amount of their sub- 
stance, are drawn out to greater individuahty and more complete radial 
arrangement. In the radial direction of the growth, the coarse mesh- 
work of the mantle layer, as shown in Fig. 4, is so drawn out that its 
meshes become radially elongated. In the process of elongation the 
filaments of many of the smaller meshes become adjacent and fuse 
with the larger threads, thus obliterating the smaller meshes and 
thickening the threads perpendicular to the limiting membrane. In 
this way the radial arrangement of the mantle layer is accentuated by 
a mechanical addition to certain of its threads, the smaller lateral 
threads connecting them appearing less significant by contrast, and 
the apparent bifurcation of the radial axes of the nucleated layer be- 
comes more pronounced. 

The general radial arrangement of the syncytium thus produced is 
maintained up to pigs of 7 centimeters, when it is destroyed in a way 
to be described later. In pigs of 3 to 5 centimeters the membrana 
limitans externa becomes less distinct. It either decreases from being 
spun out into the general framework, or the syncytium of the mantle 
layer so increases in density as to destroy the contrast. 

In the literature the radial axes, ete., are almost exclusively de- 
scribed as cell-processes, and the nuclei nearest the ventricle (ependy- 
mal cells) are given all the credit for the entire framework. Hannover, 
44, and Stilling, 59, were, I think, among the first to describe them 
as such. Though primarily dealing with the development of the nerv- 
ous elements, several of His’ papers touch upon the subject. Of neces- 
sity he considered the early, coarse reticulum of the mantle layer as 
produced by the anastomosis of greatly extended and much branched 
peripheral outgrowths of the ependymal cells. Among the others, 
Weigert accepts this form of description and, quoting Sala y Pons, 
states that the ependymal cells send out two processes, one to the ven- 
tricle and one to the periphery. From the method of its origin, the 
nature of its structure, and from its later modifications, I do not 
think the term cell-processes adequately describes the framework. 

Many of the investigators have based their conclusions solely upon 
appearances obtained with the silver method. In the first place, the 
silver salt will not differentiate the earliest stages, and in the second 
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place, when used alone upon the stages it does act upon, it cannot be 
trusted to tell the whole story. When it stains only the radial (thicker) 
threads, as it usually does in the stages before these are broken up, the 
picture obtained is highly suggestive of cell-processes, especially if the 
precipitation involves only the nuclei nearest the ventricle. Perhaps, 
because of incomplete precipitation of the silver salt, few observers have 
called attention to the smaller lateral branches or filaments uniting the 
radially arranged “ processes.” Lenhossék, g1, notes such for the human 
embryo, but found them only at the beginning of the processes. Retzius 
calls attention to abundant “ Moosartige Aestchen,” and Kolster, 98, 
describes especially strong lateral branches in the embryo salmon. Even 
if seen very abundant and uniting the “ cell-processes,’ none see in 
these lateral filaments merely a modification of an earlier condition of 
a continuous framework. In a comparative study of the ependyma, 
including quite a number of animal species, Studnicka, 00, with other 
methods than the silver, describes and pictures “ ependymal cells” con- 
tinuous with each other by numerous heavy connections which he calls 
intercellular bridges. In some forms he especially describes these as 
occurring near the ventricle or in the region of the nucleus of the 
ependymal cell. His pictures show a perfect syncytium. Gierke, 85 
and 86, though working with very inferior methods, in his illustrations 
of the early stages of the markgeriist shows a syncytium, though he 
describes it in terms of anastomosing cells. 


THE PROLIFERATION, MIGRATION AND DISTRIBUTION OF THE NUCLEI. 


From the earliest stage, in which the embryonic spinal cord consists 
of a single layer of cells, until even after the shape of the gray figure 
is assumed, the nuclei show evidences of continual migration and change 
of position. The general direction of the migration is radially outward 
from the more thickly nucleated region nearer the ventricle or central 
canal. The mantle layer, appearing early and seemingly as a peripheral 
excrescence of the rapidly increasing syncytial protoplasm, is at first non- 
nucleated. In pigs of about 10 millimeters, the stage when blood capil- 
laries begin to grow in, a few nuclei may be found in the mantle layer, 
but up to 5 centimeters all such belong exclusively to the blood eapil- 
laries and are therefore acquired from the outside. Up to 5 centimeters 
in length the migration of the nuclei peripheralward is apparently 
checked at the inner border-line of the mantle layer by the greater com- 
plexity there in the arrangement of the filaments of the fibrillated proto- 
plasm (b, Figs. 4, 7 and 9). Later, as the early arrangement is broken 
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up by the further extension of the periphery, and by the development, 
ingrowth and further elaboration of the nerve-elements and blood-vessels, 
nuclei invade the mantle layer both from the nucleated layer (ecto- 
dermal) as well as from the outside (mesodermal). The latter nuclei 
may either accompany the walls of the ever-extending blood-vessels or as 
independent ingrowths of the developing pia mater. This double inva- 
sion goes on till, in pigs of 8 to 10 centimeters, the mantle layer appears 
almost as thickly nucleated as any other part of the section. The nuclei 
are later dispersed in the final rapid thickening of the mantle layer in 
consequence of the medullation of the axones coursing in it. 

Only at first is the origin of all the nuclei of the section strictly ecto- 
dermal, though at all times perhaps a good majority of them are of this 
origin. In all the earlier stages the mitoses giving rise to the nuclei 
of this origin all occur in the inner zone of the section, or the most ven- 
tricular portion of the wall of the neural tube and just within the mem- 
brana limitans interna. All the divisions are by the indirect method, and 
in almost every case the long axis of the polar spindle hes parallel to the 
membrane or transverse to the general radial structure of the tube. In 
the process the nuclei become much swollen and bubble-like and, in the 
middle phases, the chromatin filaments are surrounded by an area of 
less stainable substance—a clear court. In the early stages, when the 
cell-membranes are more or less evident (Figs. 1 and 2), the phases of 
division involving the membrane may be observed. In the later stages 
there are no real cell-membranes. What at first appear as such, when 
followed through the phases, seem nothing more than a zone of the 
more stainable protoplasm packed away from the center of activity dur- 
ing the swelling of the nucleus (Figs. 3 and 4). This resemblance to 
a cell membrane is exactly similar to that which appears about .dividing 
nuclei in the connective-tissue syncytium outside the central nervous 
system, where individual cell-membranes are impossible (see Fig. 5). 

After division, the nuclear membrane reforms and at least one pro- 
duct of the division begins to migrate toward the periphery. In the 
process of migration the nucleus becomes slightly elongated and, as it 
leaves the limiting membrane, the clear court it occupies usually becomes 
pointed and then gradually disappears and, accompanying its collapse, 
the surrounding protoplasm is radially drawn out and, usually by means 
of it, the nucleus, for a time at least, remains in direct connection with 
the internal. limiting membrane. A great majority of these nuclei, in 
the further migration, become so dispersed as not to appear interposed 
in the radial filaments but are merely enmeshed in the less accumulated 
portion of the syncytium between the filaments. 
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Altman, 81, was, I think, the first to call attention to the locality in 
which the mitoses occur. He thought that all divisions take place within 
the zone immediately bordering the ventricle—the ependymal layer. 
This view was sypported by His, 87, as true for human and rabbit 
embryos. Rauber, 82, using a series of frog embryos, denied a special 
seat of cell-division, having found mitotic nuclei in both the ependymal 
and outer layers. He explained the contradiction as due to others having 
taken material at different stages of development, admitting that in the 
very early stages all mitoses are ventricular. Merk, 86, and Vignal, 89, 
admit that cell-division may occur in other regions than the ependymal 
layer. The latter, however, did not actually observe any elsewhere but 
assumed their occurrence from a second assumption that the nuclei 
increase more rapidly than could be accounted for by the ventricular 
mitoses observed. Schaper, 97, in his studies of the early differential 
processes in the embryonic nervous systems of various species, touches 
upon this point and reaches a conclusion which, from my study of pig 
material, I am convinced is correct. He observed that it is only in 
very young embryos that all the mitoses occur in the ependymal layer; 
that after the blood-vessels have entered the central system and begin to. 
elaborate, extra-ependymal mitoses may be found, and that therefore 
the distribution of mitotic nuclei is largely a question of proximity to 
nourishment. In the early stages, the ependymal zone may also be 
considered a locality presenting less mechanical resistance to the phenom- 
enon. Hamilton, or, quotes Schaper and practically accepts his conclu- 
sions as true for the white rat. Paton, oo, investigating the histogenesis 
of the cerebral cortex of the pig, finds most of the dividing cells in the 
ependymal layer and very few in the mantle layer. In my sections of the 
spinal cords of pig embryos nearly all the extra-ependymal mitoses are 
found in the middle nucleated layer, which itself results from the migra- 
tion of nuclei from the ependymal layer, and which is distinguished, on 
the one hand, by having its nuclei less thick than in the ependymal layer, 
and on the other, by the fact that the adjacent mantle layer proper is 
relatively free from nuclei (see Figs. 5 to 8). While the middle layer 
begins to appear quite early, it never presents mitotic nuclei till some- 
time After the blood capillaries are acquired. 

The following observations may convey some idea of the rate at which 
division occurs in the spinal cord of pig embryos and the relative num- 
bers in the ependymal and extra-ependymal layers : 

At 5 millimeters (unflexed) all mitoses are not only in the ependymal 
layer but in the ventricular surface of that layer. Counts of twenty 
sections of 5 each give an average of 5 mitoses per section. 
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At 7 millimeters (unflexed) mitoses are more abundant, but all are 
in the ependymal layer. They are more numerous in the ventral than 
in the dorsal portion of the section and often occur embedded in the 
layer, not touching its ventricular border. Counts in twenty sections of 
bu give an average of 16 mitoses per section. 

At 10 millimeters dividing nuclei are still more numerous. Now and 
then evidence of blood capillaries may be seen, and, very occasionally, 
an extra-ependymal mitosis. Average mitoses in twenty sections, 24 per 
section. 

In the spinal cords of pigs of 13, 15, 17 and 20 millimeters, a com- 
putation gave an average of about 20 mitoses per section. Of these 
about one dividing nucleus per section occurred in the middle nu- 
cleated layer. Blood capillaries increase rapidly in abundance with the 
size of the specimen and occasional mitoses may be observed in their 
walls. These were not taken into account. 

At 25 millimeters the number of mitoses begins to decrease appre- 
ciably, the decrease occurring entirely in the ependymal layer, and in 
pigs of 35 millimeters mitoses in this layer are but seldom observed. 
From 4 centimeters on there are practically no divisions to be found 
save what is apparently either a leucocyte or at least a nucleus of meso- 
dermal origin. 

In pigs of 25 millimeters, transverse sections of the spinal cord begin 
to suggest the characteristic shape of the adult. The more rapid lateral 
growth begins to result in the ventral and dorsal median fissures, and the 
nuclei begin to be so arranged that the form of the gray figure may be 
distinguished. At 30 millimeters the central canal, which hitherto has 
maintained the relative proportions of a ventricle, suffers a collapse of 
its dorsal two-thirds and the remaining, ventral third begins to assume 
the circular form (compare Fig. 8 with Fig. 6) and the ependyma to 
appear under low power as a single layer of ciliated epithelium. Merk, 
86, makes the statement that in both birds and mammals nuclear division 
ceases when the central canal has become circular,and the ependyma 
ciliated. I find that in the pig, however, evidences of cilia appearing 
out of the internal limiting membrane as early as 10 millimeters. 

The above observations agree in the main with what others have found 
in embryos of other species, namely, that karyokinetic activity increases in 
the earliest stages, reaches a period of maximum activity which is main- 
tained for a time, and then declines, and finally, at a comparatively early 
stage, the division of nuclei of ectodermal origin ceases altogether. 
Both-the period of maximum activity and the time of cessation varies 
for different animals.. Hamilton, o1, thinks that in the brain of the rat 
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the maximum period occurs after birth, while numerous observations 
upon other mammals, chiefly those born much more mature than the 
rat, are to the effect that both the maximum period and the period of 
cessation occur long before birth. 

In the migration from the ependymal layer, the anlage of the ventral 
horn is first to appear. It begins as an area of loosely arranged nuclei 
on the ventrolateral aspect of the ependymal layer (vh, Fig. 5): The 
whole ventrolateral half of the ependymal layer contributes to its forma- 
tion. At 15 millimeters, the migration from the dorsolateral half of 
the ependymal layer has become more active, and as a result the anlage 
of the dorsal horn may even exceed that of the ventral in width (Fig. 6). 
Then follows a general thinning of the ependymal layer, which the 
hitherto abundant mitosis has maintained quite thick, till at 30 milli- 
meters (Fig. 8), mitosis having practically ceased, the layer becomes 
an ependyma similar to the adult form. 

The period of differentiation of the growing tissue elements into those 
which will produce neurones and those that will take part in the forma- 
tion of the neuroglia is difficult to determine. Certainly it may be said 
of my preparations that in pigs up to 15 millimeters in length evidences 
of differentiation are little more than theoretical. With the exception 
of those nuclei in the phases of mitosis, all the nuclei of the spinal cord, 
both in the ependymal layer and in the middle nucleated layer, are so 
nearly identical in structure, size and general appearance that an attempt 
to classify them on the basis of differentiation is impossible. They are 
all of the large vesicular type, and the protoplasm about them never 
occurs in definite form and amount, never shows definite outline, and 
never stains differently from the general syncytium in which the nuclei 
are embedded. Numerous nuclei, especially those in the ependymal 
layer, show tapering masses of more densely accumulated protoplasm at 
their either end, but these masses may be usually observed as continuous 
with the less compact protoplasm between them. In the ependymal 
layer these masses are portions of the radiating axes of the syncytium 
(Figs. 4, 6 and 7). In the less densely nucleated middle layer they 
have sometimes a stellate and often a fusiform appearance, and still 
again the protoplasm may be present at only one end of the nucleus 
(Figs. 6 to 9). Im all cases in the early stages these appearances are 
considered as resulting from the radial drawing out of the protoplasm 
consequent to the later growth of the specimen and the radial direction 
of the migration of the nuclei. 

Not till pigs of 15 millimeters do my preparations show anything in 
the spinal cord characteristic of the neurone, although as early as 7 
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millimeters the embryonic connective tissue surrounding the neural tube 
shows parallel arrangement indicative of the future paths of the dorsal 
and ventral roots (Fig. 5). First, there appears in the ventrolateral 
aspect of the middle layer an occasional nucleus somewhat larger than 
its neighbors and whose chromatin shows a tendency to collect into one 
larger mass or single nucleolus. At this time the surrounding proto- 
plasm displays no differentiation from the general. At 20 millimeters 
these nuclei are more abundant. Ordinary stains show no difference 
in the protoplasm about them, but the silver method at rare intervals 
gives pictures suggestive of the ventral-horn type of neurone. At 30 
millimeters there is usually a group of these nuclei displayed in the 
ventrolateral region (n, Fig. 8). With ordinary stains they begin to 
show a differentiated cytoplasm about them and the silver method gives 
a few characteristic nerve cells. In the anlagen of the spinal ganglia 
the changes in the nuclei and the development of the neurone protoplasm 
precede those in the spinal cord by at least 2 millimeters; that is, here 
the changes begin to appear in pigs of 13 millimeters instead of 15 
millimeters, as in the spinal cord. 

It may be said in passing, that in none of my preparations have I 
been able to observe evidences supporting the view of either Fragnito, 
02, or Kronthal, 02, as to the formation of the cytoplasm of the neurone. 
After describing the changes of the nuclei into the nerve-cell type— 
“primary nuclei ”—Fragnito holds that these primary nuclei, at first 
free from cytoplasm, become surrounded by the general smaller or 
“secondary nuclei,’ which so arrange themselves and then undergo such 
changes as to give rise to the cytoplasm and Nissl bodies of the neurone, 
including the axone and dendrites. Kronthal ascribes a somewhat simi- 
lar office to wandering leucocytes. 

The title of this paper bars an attempt to discuss the processes by 
which the neurone develops. The point in mind is whether the pro- 
ducts of the mitoses in the neural tube are not at first totally indifferent, 
capable of developing into either neurones or neuroglia. For a long 
time the impression was obtained, chiefly from the investigations of 
His, that the neurone develops from the product (neuroblast) arising 
from the mitosis (germinal cell of His) in the early ependymal layer, 
and that the embryonic neuroglia (spongioblasts) arise as a transforma- 
tion of the ependymal (“epithelial”) cells. Contrary to this idea, in 
1889, it was suggested by Vignal that not only the germinal cells but 
all the cells of the neural tube are indifferent up to the time when 
grouping is manifested in the ventral horns. Later, Schaper, 97, inves- 
tigated the question more carefully and reached the conclusion that His’ 
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germinal cells are none other than undifferentiated dividing elements, 
that the products of their division may develop either into neurones or 
neuroglia, or may further divide and still be indifferent. In other words, 
both the neuroblasts and spongioblasts are derived from the germinal 
cells. Paton, 00, working with pig material, agrees with Schaper in this 
assertion. In one of his later discussions, His, o1, refers to Schaper’s 
paper and, while not wholly admitting his position, calls attention to 
the general definition of “ germinal cell”: A young element in a state 
of division, as yet morphologically undifferentiated (in status nascens), 
which by its globular form and bubble-like appearance is easily distin- 
guished from its surroundings. 

In the spinal cord of the pig it is true that up to a certain stage all 
the products of the mitoses are so nearly identical that, morphologically, 
no trustworthy distinctions tan be made among them. On the other 
hand, however, it may not be just to judge them indifferent upon wholly 
morphological grounds. A neurone, for example, to be distinguished 
as such, must first acquire certain characteristic features and, while these 
features are certainly acquired by elements seemingly similar in every 
respect to those which acquire other features, it is difficult to say whether 
they do not possess, from the first, the peculiar properties necessary for 
the acquirement, or whether such properties result in reactions to influ- 
ences of later environment. It is, I think, certain that collectively the 
dividing nuclei known as germinal cells give rise to both embryonic 
neuroglia and to nervous elements, and with the ordinary technique one 
can but agree with Schaper that the products of the divisions are at first 
-indifferent. 

Paton, oo, finds in the brains of embryo pigs, except in the very 
earliest stages, two types of germinal cells; one large, having protoplasm, 
and the other smaller with no protoplasm about it. Both of these he 
says give rise to indifferent elements. Hamilton, o1, also describes large 
and small types in the white rat, and ascribes to the larger the origin 
of neurones and to the smaller the origin of neuroglia. In my prepara- 
tions of the spinal cord of pig embryos, it seems to me that the amount 
of protoplasm about a dividing nucleus and, indeed, the apparent size 
of the nucleus itself, depends upon its position in the syncytium. If 
the dividing nucleus occurs in the ventricular border of the ependymal 
layer where the absence of nuclei allows a greater relative abundance 
of protoplasm, it will of necessity be enclosed by a greater amount. If 
the division occurs among the very compactly arranged nuclei of the 
ependymal layer, which is thick during the active period of mitosis, the 
nucleus will be surrounded by much less protoplasm, or often apparently 
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none. Fitting in among the other nuclei, it may be compressed in the 
opposite plane to that of the section and may therefore, in section, appear 
smaller than others (see Fig. 5). If the germinal cells occur extra- 
ependymal (which in pigs they very rarely do), just as the more scat- 
tered non-dividing nuclei there, they may have a varying amount of the 
more compact protoplasm about them, or they may have none at all, and, 
owing to the plane of section, they may appear large or small. After the 
blood-vessels have grown in, some extra-ependymal mitoses may be of 
mesodermal elements rather than of those in question. 

As before suggested, after the first entrance of blood capillaries, the 
framework of the central nervous system is no longer solely of ecto- 
dermal origin. In addition to what is contributed by the walls of the 
blood-vessels, the pia mater itself, which begins to take form at an early 
stage, sends numerous ingrowths into the spinal cord. In pigs of 20 
millimeters these ingrowths may be discerned in sections, and at 30 milli- 
meters they are more marked (i, Figs. 8 and 9), and are sometimes 
accompanied by nuclei from the mesodermal tissue of the pia. In the 
later stages, after the development of the fibers of the white fibrous 
tissue which occurs long before neuroglia fibers are differentiated, the 
mesodermal ingrowths are easily seen in section stained by Mallory’s 
method for white fibrous tissue. By far the greater contribution of 
mesodermal tissue, however, is brought into the central nervous system 
by way of the blood-vessels. The capillaries, first entering in pigs from 
9 to 10 millimeters, carry in this tissue both as composing their walls 
and their contents. As they branch and ramify, their walls thicken and 
send processes into the surrounding ectodermal tissue. These pro- 
cesses, just as those from the pia direct, are accompanied by nuclei of 
mesodermal origin. Further, leucocytes have been observed passing 
through the walls of the capillaries to wander into the tissue without. 
Thus, if with this point in view, the changes are carefully followed into 
the later stages, one is convinced that nuclei from these two sources con- 
stitute an appreciable quota of those present in a section of the spinal 
cord. The mantle layer (Randschleier), at first thin and almost free 
from nuclei, gradually thickens and gains nuclei (Figs. 6 to 10), and up 
to 80 millimeters, at least a majority of the nuclei situated in it, whether 
in mitosis or not, may be considered as mesodermal nuclei acquired in 
the above manner. 

Attention has recently been called to these mesoblastic constituents 
of the central nervous system. In a joint paper, Capobianco and Frag- 
nito, 98, noted the manner of their ingrowth, migration and distribution 
among the ectodermal elements. Later Capobianco, 02, attributes to 
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these mesodermal elements the capability of taking part in the develop- 
ment of the neuroglia. In addition, Hatai, 02, observes in white rats 
dividing cells of the endothelium of the capillary walls and states that 
some of the cells resulting from these divisions migrate into the sur- 
rounding tissue. He thinks, further, that these migrating endothelial 
cells become neuroglia cells. 

Thus it may be assumed from the above that there become distributed 
in the central nervous system, in addition to the nuclei belonging to the 
capillary wall proper, three forms of elements of mesodermal origin: 
(1) Leucoeytes or wandering cells, which usually but not necessarily 
enter by way of the blood-vessels; (2) endothelial cells from the intima 
of the capillaries; (3) nuclei belonging distinctively to the connective 
tissue proper, which enters either as ingrowths of the developing pia 
mater or secondarily from the externa of the blood-vessels. 

The assertion that these mesoblastic elements take part in the forma- 
tion of the neuroglia is, I think, not wholly warranted but, at the same 
time, it is difficult to refute it. The difficulty lies chiefly in the fact that 
the mesodermal elements begin to enter at a time when no fibers are 
differentiated and there is no way to characterize the connective-tissue 
syncytium itself, and the consequent intermixing and fusing of the 
syncytia from the two sources renders it well-nigh impossible, especially 
in the outer layers of the specimen, to distinguish all the elements of 
mesodermal origin from those which are not. In his study of the forma- 
tion of the connective tissue of the body outside the central nervous 
system, Maximow, o2, describes three forms of elements which are per- 
haps identical with those mentioned above as contributed to the central 
nervous system. He describes the leucocyte as the ordinary polymorpho- 
nuclear variety and, in addition to the functions ascribed to it as such, 
thinks it may change into other forms. The endothelial cells he speaks 
of as “ polyblasts ” and, after discussing whether they can be considered 
as really of the endothelium, he describes them, after their migration 
from the capillaries, as similar to lymphocytes and as actively wandering 
and phagocytotic. The third form is the “ fibroblast,’ the pre-existing 
connective-tissue corpuscle, directly concerned in the formation of white 
fibrous connective-tissue. Maximow’s observations are cited in order 
to suggest the probability that the mesodermal elements in question may 
play the same réles within the central nervous system as they do outside 
it, that is, take part in the formation of connective tissue proper. How- 
ever, the embryonic connective-tissue elements may be considered highly 
responsive. To all appearances, very similar in the early embryos, they 
later become so separately differentiated that some produce white or 


248 The Development of the Neuroglia 


elastic fibrous tissue, some cartilage, etc. Within the central nervous 
system and subjected to the environment there, some may contribute to 
the formation of neuroglia. 

If the term “neuroglia” includes the entire framework supporting 
the central nervous elements, then of course mesodermal elements con- 
tribute to it. But, such of the supporting tissue as can be distinctly 
designated as having mesodermal origin is of the white fibrous variety. 
Sections of the adult spinal cord prepared by a method differential for 
white fibrous tissue show abundant ramifications of this tissue. If, on 
the other hand, the term “ neurogha” includes only that portion of the 
framework which is differentiated by the special neuroglia stains, then 
it becomes difficult to say, from my preparations of pig embryos, whether 
any of the tissue is of mesodermal origin or not. Just as that portion of 
the framework, which is of undoubted ectodermal origin, early assumes 
and maintains the form of a syncytium, the same form of development 
has been conclusively shown (Spuler, 96, Mall, 02) for the connective 
tissues outside the central nervous system. And, as said before, the 
mesodermal ingrowths begin before fibers are developed in either syncy- 
tium, and the result is a fusion of the substances from the two sources 
with no means of determining where the one begins or the other leaves 
off. The nuclei of the two migrate and intermix and, with the exception 
of nerve-cell nuclei and those of the ependymal layer, it becomes impos- 
sible to tell the source of a nucleus by its appearance or position. All 
these nuclei have been often referred to collectively as neuroglia nuclei. 
While these so-called neuroglia nuclei begin to undergo variations long 
before neuroglia fibers begin to appear, yet for some time after the varia- 
tions begin to appear in my preparations, for any type of nucleus found 
in the spinal cord a similar type may be distinguished in the embryonic 
connective tissue outside. 

Neuroglia, to be distinguished as such, must possess those properties 
which characterize it, but these characteristics do not appear till after 
the intermixing of the material from the two germ layers. Morpho- 
logically, neuroglia fibers are similar to those of white fibrous tissue in 
some of its less compact arrangements. 'That neuroglia fibers differ in 
their microchemical properties from those of white fibrous tissue is the 
chief means by which the one may be distinguished from the other. By 
the special neuroglia stains (those of Weigert and Benda) the easily dis- 
cernible ingrowths from the pia certainly do not give the stain reaction 
which characterizes neuroglia, and tests made of these methods upon 
various tissues (Hardesty, 02), indicate that the methods give trustworthy 
differentiation. On the other hand, should any of the fibers of white 
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fibrous tissue in the central nervous system give the neuroglia reaction, 
by this reaction they would be classed as neuroglia fibers. 


THe FINAL FoRM OF THE SYNCYTIUM AND THE DEVELOPMENT OF THE 
NEUROGLIA FIBERS FROM IT. 


The syncytium is formed early, before the embryonic nervous system 
is invaded by ingrowths of mesodermal tissue, and thereafter is manifest 
in all stages. Its arrangement, however, changes as the specimen grows 
and acquires the form and structural components of the adult. Its 
substance being plastic, its variations are expressive of the processes of 
growth. At first, resulting from the fusion of radially arranged colum- 
nar cells, it soon assumes the form of a sort of filamentous reticulum 
continuous with the internal and external limiting membranes. Then, 
as the nuclei of the inner zone proliferate and migrate along radial lines, 
and as the external limiting membrane grows further away from the 
internal in the thickening of the wall of the tube, the syncytium assumes 
the form of radially arranged thicker filaments intimately continuous 
with each other by the more attenuated portion of the reticulum between 
them. As the specimen grows further, the radial filaments thicken and 
are further drawn out, and for a time, the radial arrangement becomes 
more marked. It is finally obliterated by the ingrowths and medulla- 
tion of the neuraxes and the further structural changes toward the adult 
form. Then the syneytium, by its plasticity, assumes the shapes of the 
interspaces of the elements which it supports. 

The “neuroglia nuclei” begin to show variations in pig embryos of 
20 millimeters. Previous to this they are all of the large vesicular type. 
At 30 millimeters (Figs. 8 and 9), while the majority of the nuclei are 
still of the large vesicular variety, many may be seen undergoing changes 
which in all probability result in the various forms usually described 
in the adult tissue. The changes consist in a decrease in size and a more 
compact arrangement of the chromatin resulting in deeper staining. 
The smallest appear as blue-black spheres of less than half the diameter 
of the large vesicular form. At 30 millimeters, when the migration has 
resulted in the demarcation of the dorsal horn, the small nuclei are more 
abundant in the dorsal horn than elsewhere in the section. 

Up to about 25 millimeters the ventricle increases in size; then, with 
the cessation of mitosis and the thinning of the ependymal layer, it 
decreases in size by a collapse of its dorsal two-thirds and a fusion of the 
intérnal limiting membrane along the mid-line (compare d, Fig. 6, with 
sp, Fig. 8). From 30 millimeters the ventricle continues to decrease, 
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but more slowly and always by a collapse of its dorsal portion, till at 70 
millimeters a central canal results which is but slightly larger than the 
adult. 

The mantle layer from its first appearance completely encompasses 
the ventral aspect of the specimen, while on the dorsal aspect the ependy- 
mal layer for a time extends to the very periphery (d, Fig. 6). With 
the collapse of the yentricle and the further lateral growth of the speci- 
men, the mantle layer closes about the dorsal aspect also. Then, as the 
lateral growth of the embryonic spinal cord continues, depressions nat- 
urally result at both ends. of the mid-line. Subsequently, the growth 
goes on in such a way that, as the depressions deepen, the one on the ven- 
tral aspect remains open as the anterior median fissure, while the dorsal 
one collapses almost as fast as it is formed, and becomes the posterior 
septum. What for a time is apparently a portion of the posterior septum 
extending through the nucleated layers, is only the remains of the inter- 
nal limiting membrane (ms, Fig. 8). As the neuraxes grow in, this 
appearance is obliterated by the dorsal commissure, etc. The investing 
pial tissue accompanies the depressions and aids in maintaining the pos- 
terior septum of the adult. 

No nerve axones are discernible in my sections of the spinal cord of 
pigs at 15 millimeters. At 25 millimeters neuraxes have begun to ap- 
pear in transverse sections as fine dots embedded in the syncytium and 
staining like it. They are more evident in the mantle layer, especially 
in the dorsal portion. At 30 millimeters (Figs. 7 and 8) the syncytium 
of the mantle layer is more thickly studded with axones, and from 30 
millimeters upward they become more abundant and more generally dis- 
tributed and show a slight and gradual increase in size. Until the pro- 
cesses of medullation begin (16 to 20 centimeters), the ordinary methods 
show them simply as dots and staining only a darker shade of the same 
color as the syncytium which closely invests them. The silver method, 
of course, differentiates them clearly. 

In the mantle layer the radial arrangement of the syncytium is prac- 
tically perpendicular to the periphery except at the ventral aspect of the 
ventricle (mv, Figs. 6 to 9). Here the more rapid lateral direction in 
the growth of the wall of the neural tube results in the syncytium being 
drawn into an arrangement parallel to the periphery. However, as the 
lateral growth continues and the depression which results in the median 
fissure appears, the lateral tension decreases and becomes equalized and 
soon filaments may be seen arranged in both directions (mv, Figs. 8 and 
9). A suggestion of this result can also be seen through the ventral 
portion of the middle nucleated layer (mn, Fig. 8). 
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A comparison of results obtained by the silver method with those 
obtained by other methods is interesting. The silver method can be 
considered little more than an aid in the interpretation of appearances 
obtained by the more general stains, and-should=always:be used collater- 
ally. Four of the figures given are combination drawings comparing 
appearances given by the Benda method with silhouettes resulting from 
the application of the silver method to spinal cords of the same respec- 
tive stages. It is well known that the silver method often differentiates 
certain structures very clearly, but from time to time varies greatly in 
its selectiveness for reasons not well understood. Furthermore, being 
a precipitation method, the structures it does show are coated with the 
reduced salt and consequently are of unnatural size and coarseness. The 
amount of detail depends wholly upon the extent to which the salt is 
allowed to precipitate. Certain detail as to the external form may be 
obtained, or practically none at all, for the specimen may be so clogged 
as to appear as a black, indefinite mass. These facts have been especially 
impressed in my experiments with the method upon the spinal cords of 
embryo pigs. The external limiting membrane and, indeed, the whole 
mantle layer is often clogged beyond recognition of detail or outline, 
when the other layers are practically unaffected. Looking over the 
illustrations of others, one is convinced they experienced the same diffi- 
culties and the fact is further impressed of the folly of accepting, un- 
controlled, the results of the silver method as giving either the whole 
or even the true story. The preparations from which the accompanying 
drawings were made are the result of considerable experimentation, and 
I think they show about all the method is capable of showing. 

One seeming peculiarity of the silver method shown in the drawings 
is that in pigs up to 70 millimeters, the reduced salt shows a marked 
preference for only those nuclei situated in the ependymal layer. With 
the exception of an occasional nerve-cell when present, all other nuclei 
are unlocated. Fortunately only a small percentage of the ependymal 
nuclei are selected. In these young stages the necessarily short segment 
of the very tender spinal cord is usually left intact in the vertebral canal 
and the ependymal nuclei, being nearer the solution in the ventricle and 
connected with the internal limiting membrane by the heavier inner ends 
of the axial filaments, are perhaps the first to be reached by the silver 
solution. The potassium bichromate being already in the specimen, 
the surfaces of the nuclei may act something like nodal points or centers 
of crystallization of the resulting compound. The deposit once started 
upon a surface, it continues from that surface along the lines of least 
resistance, which here seem to be the radial axes of the syncytium or the 
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largest individual surface of the protoplasm connected with the nucleus. 
The precipitation is at first much less extensive upon the more attenuated 
collateral filaments connecting the radial axes, and fortunately so, for 
were these all covered, the sections, necessarily thick to show the entire 
course of the axes, would be clogged. The few of the connecting threads 
that are shown are usually shown for only a short extent. 

By comparing Fig. 7 with Fig. 11 it appears, by the silver method, 
that the radial axes increase in size with the growth of the animal from 
15 to 70 millimeters. Staining methods applied to these stages do not 
show so marked an increase in size. Also in Fig. 7 (15 millimeters) 
the precipitation of the reduced salt is evidently not so complete as in 
the other figures. Both of these variations may indicate a development 
of the selective property, for in pigs of less than 10 millimeters I have 
been unable to obtain a differential precipitation at all. 

The bifurcations of the axial filaments, the formation of which has 
been already described, are very evident by the silver method but are 
barely suggested in the stained preparations. This is not wholly due to 
the difference in the thickness of the two sections represented in each 
drawing (80 compared with 5), but is also due to the fact that the 
whole of the syneytium is shown in the*thinner section and but a part 
of it in the silver preparation. 

The greater complexity in the arrangement of the syncytial filaments 
along the boundary line between the nucleated and the mantle layer (0b, 
see figures) is shown by both methods but more clearly by the silver. 
Its formation begins early, as shown in Figs. 3 and 4, but its increased 
complexity in the later stages (Figs. 7 to 10) more fully suggests 
that it may, for a time, prevent the nuclei from migrating into the 
mantle layer. At 7% centimeters (Fig. 11), axones are more abundant 
and the boundary line begins to be broken up, and the nuclei begin to 
invade the mantle layer rapidly, till at 8 and 9 centimeters, nuclei become 
almost as abundant in the mantle as in the middle layer. 

At the point of bifurcation, where the filaments come together, there 
is a greater amount of the plastic substance than in the simple diameter 
of a filament. Both because of this and also due to the angles formed 
by the junction, there is usually a greater deposit of the silver salt at 
these points than elsewhere and the precipitation usually tends to run 
further out on the collateral filaments. There seems to be a progressive 
increase of this phenomenon from 15 millimeters upward. In pigs of 
55 millimeters the points of bifurcation (b, Fig. 10), if isolated, would, 
to say the least, strongly resemble the “ astroblasts” and “ astrocytes ” 
described by various authors (Reinke, Kolliker, Lenhossék, etc.). And 
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indeed such are often isolated either by section or by incomplete precipi- 
tation of the silver. In this way it is possible by the silver method to 
get “neurogha cells” without nuclei. For example, in Fig. 11 the 
bodies designated by ¢ in all probability contain nuclei, while those 
indicated by b do not. When the radial arrangement of the syncytium 
is broken up, these bodies, more abundant and more marked than in the 
earlier stages, naturally become isolated in the process. A further 
study of silver preparations of the later stages leads to the conclusion 
that, while most of these bodies usually described as neuroglia cells do 
contain nuclei, many of them do not. 

One of the first evidences of the breaking up of the radial arrange- 
ment is the rupture and pulling away of the ends of certain of the axial 
filaments from their attachments. This beginning is shown in Fig. 11 
(pig of 7 centimeters) where at least two of the filaments with their 
interposed nuclei (e) have lost their direct continuity with the internal 
limiting membrane, and in the mantle layer several seem broken away 
from the periphery. At the same time occasional nuclei (c), other than 
those of the ependymal layer, begin to be selected by the silver and the 
fine filaments immediately about them give the well-known figures. 

The radial filaments have been, frequently described but usually as pro- 
cesses of ependyma cells. Lenhossék, 95, thinks their breaking away 
from both the central canal and from the periphery is the result of their 
contraction. Leaving aside their manner of origin, if the ependymal 
nuclei with their common protoplasm can be considered as cells, then for 
a time the radial filaments, after the silver method, do resemble pro- 
cesses, but processes continuous with each other by means of numerous 
smaller filaments between them. The rupture of the axial filaments, is, 
I think, more probably due to unequal growth processes than to their 
contraction. At the time the rupture occurs the wall of the neural tube 
is rapidly thickening by the ingrowth of new nerve-elements, by the 
enlargement of those already there, and by the increase and extension 
of the blood-vessels, and the resulting tension is probably greater than 
the rate of growth of the filaments. 

With the further enlargement of the specimen, the ingrowth, arrange- 
ment, and elaboration of the neurones and blood-vyessels, the obliteration 
of the radial arrangement continues, till, as is well known, a state is 
reached in which no vestige of the radial arrangement remains save in 
the then thin ependymal layer immediately surrounding the central 
canal. Here such an arrangement is maintained even in the adult. 
This arrangement broken up, the syncytium, by the ordinary staining 
methods, is even more apparent than before and consists of a continuous, 
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plastic, nucleated mass in which the other elements of the nervous system 
are embedded. ‘The shape of a given portion of the mass (cell) depends 
upon the shape of the space it occupies. The characteristic Deiters’ cells 
are to be observed only after the medullation of the axones has resulted 
in interspaces giving them their shape. The pictures of Deiters’ cells 
obtained by the silver method (which, however, was not employed in 
their original description) can be considered as the result of a deposit 
usually beginning on the nucleus, clogging the mass about it, and ex- 
tending variable distances along the filaments and trabecule (processes) 
connecting the mass with its neighbors. 'The earlier possibilities of such 
appearances are shown in Fig. 12. This figure is taken from trans- 
verse sections of the spinal cord of a foetal pig of 20 centimeters. The 
processes of medullation are underway. ‘The larger portion of the draw- 
ing represents conditions shown by the Benda neuroglia stain and accom- 
panying this are three masses chosen from a silver preparation of the 
same specimen. Hither of the masses designated by a can, I think, be 
correlated with silver picture a’. The picture b’ can be looked upon as 
a deposit of the silver upon a mass similar to that indicated by b. With 
a little more clogging at the center this would give a neuroglia cell with- 
out a nucleus. Masses similar to # can be easily imagined in the section. 

Many appearances to be observed in the pig are repeatedly described 
in the literature employing the silver method. Also, for example, 
Gierke, 85 and 86, who worked before the silver method was in general 
use, described glia cells, nucleated and non-nucleated, and pictures them 
with anastomosing processes. Some of his drawings are easily corre- 
lated with the usual silver pictures. 

The size of a silver picture and the length and density of its processes 
depend both upon the size of the mass and the extent of the precipita- 
tion. The “processes” are seen to radiate in all directions, for the 
reason that the sections in which they are seen are usually thick enough 
to allow considerable perspective. Very long and finely attenuated pro- 
cesses are more frequent after fibers are developed in the syncytium, 
and many such processes no doubt represent fibers. 

The development of the neuroglia fibers from the syncytium is a a pro- 
cess of transformation. 

Fibers are first differentiated in the spinal cord of pigs from 16 to 20 
centimeters. This is not till after the processes of medullation have 
begun. Fibrillated areas and what appear as fibers occur in the syncy- 
tium before this time, but by the Benda method they stain a light 
brownish-red like the general syncytium instead of the deep blue vharac- 
teristic of neuroglia fibers. Therefore, by definition they cannot be con- 
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sidered neuroglia fibers or, at least, not as adult neuroglia fibers. They 
may develop their chemical difference later. On the other hand, some of 
them may be threads of the white fibrous connective tissue which are sup- 
posed never to color as neuroglia fibers. 

In Fig. 12 is shown an area containing fibers, some of which are begin- 
ning to develop their chemical difference from their surroundings. Fig. 
13 is from a suckling pig of about two weeks. The following are some 
of the steps in the transformation indicated. 

After the medullation has begun, the syncytium, now merely moulded 
into the interspaces of the nerve-elements and blood-vessels, begins to 
show appearances indicative of the adult form. Nuclei situated in the 
larger interspaces have pressed about them a more compact protoplasm 
which shows slight granulation (endoplasm). These masses are contin- 
uous with those in neighboring spaces by necessarily more or less atten- 
uated portions of the syncytium (exoplasm), which appear more fibril- 
lated than the portions immediately about the nuclei (see a, Figs. 12 and 
13). Whether in large or small masses, the more fibrillated portion of 
the syncytium stains less deeply than the more granular areas. Its 
occurrence is probably the first evidence of the transformation of the 
tissue, for it is often apparent that the more deeply staining form, 
usually about the nuclei, is being converted into the less deeply staining 
form. When the “ free nuclei” occur in spaces large enough to afford 
an appreciable amount of the more deeply staining protoplasm about 
them, it may be assumed conversion has occurred (d, Fig. 12). 

The more lightly staining portion of the syncytium may be considered 
prefibrous tissue, for it is this which becomes transformed into the neuro- 
glia fibers. If the special neuroglia stain can be trusted to express the 
process, the transformation is interesting. First, more evident fibers 
appear in the section, seemingly formed by a condensation of the less 
deeply staining substance. These fibers are of various lengths and usu- 
ally their course is more or less straight. They may pass through the 
domain of more than one nucleus. Instead of staining the characteristic 
blue of neuroglia fibers, most of them stain only a more dense shade of 
the color of the general substance. However, in the same section some 
also may be seen undergoing the chemical transformation (f, Fig. 12). 
In such a fiber a portion only may give the blue reaction, while another 
portion may stain indistinctly blue or not at all. Close examination 
sometimes reveals something like a line of fine dots (e, Fig. 12). These 
fibers vary but little in size and are but little smaller than those found 


in the adult. 
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It is true that in the adult also, where blue-staining fibers are abund- 
ant, both unstained fibers and fibers showing some of the above features 
may be observed. Whether such appearances in the adult indicate im- 
perfect staining or the development of new fibers, is difficult to say. 
Probably they indicate both. But when found in a stage before which 
no fibers have taken the neuroglia stain, the question is somewhat dif- 
ferent. There are evidences that the process of both development of fibers 
and transformation does continue into the adult stages. 

In the field chosen in Fig. 13 (suckling pig of two weeks) the con- 
ditions resemble those in the adult. Throughout the section, however, 
neuroglia fibers are not so abundant as they are in the adult. On the 
other hand, fibers in the process of transformation may more often be 
seen and nuclei surrounded by the more deeply staining protoplasm, are 
considerably more numerous than in the adult. Whether in the young 
or the adult, a fully transformed (staining) neuroglia fiber usually 
appears in a clearer space, as though the surrounding substance had been 
used up in its development. 

The field represented in Fig. 13 was chosen chiefly because of the types 
of nuclei contained in it. Medullation is far advanced. Hither due to 
an increase in pressure upon the substance in the interspaces consequent 
to the enlargement of the axones by medullation or due to some chemical 
difference, or fault in technique, the masses of more deeply staining 
protoplasm, when present, color somewhat darker than in Fig. 12. 
Nuclei present in these masses give them the semblance generally de- 
scribed as neuroglia cells. When an interaxone space is large enough, 
it may contain two or more nuclei. The mass indicated by a in Fig. 13 
both illustrates and explains the “ multinucleated neuroglia cells” de- 
scribed in the literature (Krause, Brodmann, Aguerre). Were the 
axone in the center of this mass removed, the type would be perfect. 
As it is, it gives the appearance of three closely joined cells. It must 
be remembered that most of the studies of neuroglia cells have dealt 
with the tissue as found in the white substance rather than in the gray, 
where the different arrangement and less abundance of axones render the 
usually described form difficult to find. 

Nuclei surrounded by the more deeply staining form of the syncytial 
protoplasm are always of the large vesicular variety. Both because of 
this and because of the fact that for quite a period of the embryonic 
development all the nuclei are of this type, the large vesicular nuclei 
are considered the more primary or least modified form. There may be 
seen nuclei with the more deeply staining substance partially converted 
(c, Fig. 13) and free nuclei (d). Free nuclei may be of the vesicular 
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variety. In fact, they probably do not begin to change till after they 
are free. I can only explain the remaining types of neuroglia nuclei 
as resulting from the shrinkage and possibly a deterioration of the vesicu- 
lar type. First, there is a decrease in size (gy, Fig. 13), resulting further 
in a condensation of the chromatin (h), and finally a much smaller, 
usually spherical, deeply staining form (sk). 

In the two adult hog specimens from which I made preparations, the 
small deeply staining forms of nuclei were somewhat more abundant 
than in the adult human. This may have been due to faulty technique. 
In the adult especially a nucleus of the smallest type may be occasion- 
ally seen which is apparently undergoing fragmentation. This phenom- 
enon was described in the neuroglia of the elephant and further study 
of the nuclei in the hog tends to strengthen the assumption that most of 
the types are transition forms of the large vesicular variety; that having 
to do with the growth and transformation of the syncytial protoplasm, 
certain of the nuclei run a slowly terminating course, and finally suffer 
gradual karyolysis, while others may maintain to take part in further 
growth of the neuroglia. In the adult, vesicular nuclei are present with 
the more deeply staining protoplasm about them, as well as without it. 

Of the various classifications of neuroglia nuclei in the literature, 
Weigert’s is, I think, more nearly correct. He describes them in the 
human as (a) large vesicular; (b) small, deeply staining, and (c) transi- 
tion forms between the two. Much more complicated classifications 
have been made (Aguerre, oo, and others). 

As to the nature of the neuroglia fibers, the conclusions originally sub- 
_ gested by Weigert are undoubtedly correct. The fibers cannot be re- 
garded in any sense as processes or outgrowths of the cells, for they are 
both morphologically and chemically different from the cell-protoplasm. 
Furthermore, it may be added that, unlike cell-outgrowths, they often 
pursue an unbroken course, not only through the entire domain of the 
cell, but through the domain of several cells. In other words, they are 
fibers distinct from the protoplasm but derived from it. They are 
small, vary but little in thickness, and are of indefinite length. Their 
chemical differentiation is seemingly the last stage of their development. 
Unless the entire syncytium be considered as a cell (a nucleated mass of 
protoplasm ), the fibers are intra-syncytial in origin rather than either 
intra- or extra-cellular. 

After medullation, and in the adult of all the forms I have examined, 
there remains a peripheral excrescence, or cortical layer, of the syncy- 
- tium, which is unoccupied by the neuraxes of the spinal cord. In the 
elephant (referred to as the “ marginal veil”) it is considerably thicker 
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than in the human or hog. Being void of axones, of course no “ neuro- 
glia cells” appear in it. Its nuclei are simply embedded in a formless, 
fibrillated protoplasm. By the silver method, being on the periphery 
of the spinal cord, it is almost invariably clogged by the deposit, and 
being thin is usually passed unnoticed. By the differential neuroglia 
stain it appears as a dense plexus of blue-staining neuroglia fibers and 
shows in sharp contrast with the adjacent pia mater, which is colored a 
light, reddish-brown. The plexus of neuroglia sends processes among 
the axones along its inner border. These processes simply express its 
continuity with the general syncytium of the entire specimen. 

Some of the steps in the processes of the development and transforma- 
tion of the neuroglia fibers are, as I see them in the pig, similar to certain 
of the processes described by Mall, 02, in the development of the white 
fibrous tissue from the connective-tissue syncytium. Since neuroglia, 
the chief fibrous-supporting tissue of the central nervous system, bears 
a close resemblance to white fibrous tissue in certain of its framework 
arrangements, it would not be surprising if a close comparison of the 
two should reveal similar stages in their development. 

A summary of the entire processes of the development and transforma- 
tion of the neuroglia is given in the last section of this paper. 


EXPERIMENTS WITH DIGESTION. 


The results of the application of the digestion method to the embryonic 
and adult spinal cord have been disappointing as to their contributing 
to a knowledge of the growth and properties of the neuroglia. In the 
early stages, before medullation and before neuroglia fibers make their 
appearance, the results obtained by digestion are quite positive. Up to 
6 centimeters the embryonic spinal cord is so friable that it was found 
necessary to remove the segments intact in the vertebral canal and sub- 
ject the whole to digestion. In this way one could be sure the piece of 
spinal cord was not lost in the manipulation. 

The syncytium of the embryonic spinal cord digests in common with 
the connective-tissue syncytium. In all the first stages the spinal cord 
digests out entirely, and, also, even at 3 centimeters, there is left scarcely 
a vestige of the embryonic meninges. In pigs of 4 centimeters, however, 
while the spinal cord digests totally, the anlage of the dura and pia 
mater, though thin, begins to positively resist digestion. At this stage 
the meninges begin to stain by Mallory’s method for white fibrous tissue. 
Thus it is seen that as stainable and indigestible membranes (white 
fibrous tissue), the meninges are evident long before neuroglia fibers — 
make their appearance. 
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Up to 16 centimeters the spinal cord digests out, leaving only a thin 
cuff, the pia mater, with a fringe of delicate processes projecting from 
its inner surface. ‘These processes represent the walls of blood-vessels 
and the ingrowths of the pia into the specimen. 

In pigs of 20 centimeters, digestion leaves results but slightly different 
from the 16-centimeter stage. Though, as previously found, medulla- 
tion is well underway at 20 centimeters and neuroglia fibers are begin- 
ning to appear, it seems that there is not yet developed in the spinal cord 
a framework sufficiently resistant to maintain even a delicate phantom 
of the section. If the neuroglia fibers resist digestion, they must be 
so few and dissociated that they are washed out in the process. The 
cuff of pia is somewhat thicker than at 16 centimeters and its processes 
into the cord are somewhat thicker and longer, but apparently none of 
the framework of the developing medullary sheaths is maintained. 

At 28 centimeters the white substance has attained an evident resist- 
ing framework, while the entire gray figure digests out practically clean. 
The resulting opening in the transverse sections, giving a good outline 
of the gray figure, is lined with a delicate fray of ingrowths. A narrow 
space appears between the white substance and the pia mater, making it 
seem as though the two are detached except for the blood-vessels and pial 
ingrowths. . 

The spinal cord of the suckling pig and of the adult behave much 
alike when subjected to digestion. In the young relatively more sub- 
stance is removed from the gray figure than in the adult, and in the 
latter, of course, all resistant structures are thicker and more closely 
associated than in the young pig. 

In the adult spinal cord, both of the hog and human, a marked frame- 
work resists digestion just as the connective-tissue framework of other 
organs of the body does. It is well known that developed white fibrous 
tissue resists the action of the pancreatin and, as first shown by Ewald 
and Kiihne, 76, and by Rumpf, 78, the framework of the medullary 
sheath resists digestion much as white fibrous tissue does. 

The intermixing of the white fibrous components of the spinal cord 
with the neuroglia renders it difficult to determine the behavior of the 
neuroglia in digestion. It can be said with certainty that all the proto- 
plasm in the untransformed state, whether of ectodermal or mesodermal 
origin, is removed by the action of the ferments, but it is not certain 
with reference to the neuroglia fibers. The difficulty lies in the nature 
of the digested preparations, and chiefly, perhaps, in the question of 
staining. I have been unable to devise an application of the special 
neuroglia stain which will differentiate neuroglia fibers in sections of the 
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digested material. All the resisting tissues stain practically the same. 
Either the neuroglia fibers are digested out or, in the process of digestion, 
the very properties upon which their differential staining is based are 
destroyed. Undifferentiated, the presence or absence of neuroglia fibers 
in the section is hard to determine, because, with the best of care, the 
various washings necessary in staining the sections of digested material 
result in a further collapse of the finer structures and a, coherence or 
washing aside of the individual fibers. Also, while at times individual 
fibers may be seen which resemble neuroglia fibers, being undifferentiated, 
it is uncertain whether they are neuroglia or fibrils of white fibrous 
tissue. Digested preparations are of such a nature that, though they 
may look promising under low power, they are very disappointing when 
examined with the oil immersion, and this is necessary in the study of 
neuroglia. Nothing in my preparations positively suggests the digestion 
of neuroglia. The partial detachment of the pia from the white sub- 
stance seemed at first sight to indicate that the cortex or marginal veil 
had dissolved out, but under high power the general collapsed condition 
of the resisting structures at the periphery is such that a definite state- 
ment to this effect is impossible. The separation of the pia from the 
cord may be due entirely to the general swelling and loosening of the 
pia produced in the digesting process. Of the section in general, how- 
ever, one can but say that if all the resisting framework of the spinal 
cord is developed from the ingrowths of mesodermal tissue solely, then 
mesodermal tissue must contribute for its support to a hitherto unac- 
credited extent. 

A study of the resistance to digestion of the framework of the medul- 
lary sheath is of interest, but since these structures probably have noth- 
ing whatever to do with the neuroglia, their behavior is of necessity 
omitted in this paper. 


THE OccURRENCE OF NERVE CORPUSCLES, OR SEAL-RING CELLS, IN THE. 
CENTRAL NERVOUS SYSTEM. 


There is one feature, however, to be observed in my preparations of 
the developing spinal cord to which I wish to call brief attention, though 
it also may not be concerned with the neuroglia. It is the occurrence 
of cells encircling the medullating neuraxes of the central nervous 
system. At present only a mere mention of these structures is possi- 
ble. An attempt to give them a more detailed study will be made at 
another time. 

These cells appear clasping the growing medullary sheath and resem- 
ble a seal ring in shape, with their one nucleus in the thicker side (s, 
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Figs. 12 and 13). These seal-ring cells have definite boundaries and 
therefore cannot be confused with the neurogha nuclei surrounded by a 
mass of the syncytial protoplasm. They usually encircle the medullat- 
ing axone completely, though sometimes their protoplasm is so thin on 
the side opposite the nucleus that they appear as a crescent rather than 
a circle. They are not noticed till medullation has begun and they 
appear more frequently about small and medium-sized azones than about 
those whose medullary sheath has attained the larger proportions. They 
seemingly increase in size with the thickening of the medullary sheath 
they encircle. That shown in figure 13 is the largest I have observed 
in any of my sections. They are more numerous during the period of 
most active medullation (16 to 25 centimeters) and, so far, I have been 
unable to note distinct examples of them in the adult material. If they 
occur in the adult at all, their protoplasm must be either exceedingly 
thin, or all used up, and their nuclei may be included among the appar- 
ently “ free neurogha nuclei,” some of whieh are often seen lying close 
or even curved upon the periphery of the medullary sheaths. I have 
never seen more than four of these cells in a single field of the oil immer- 
sion. More often a field contains none at all. The cell shown in Fig. 
13 (s) is entirely unique in the preparations. It apparently involves 
two axones in its clasp. Whether this is due to pressure or is indicative 
of the nature of these cells, it is the only one observed behaving in 
this way. 

As to the function of these seal-ring cells, it is at present assumed 
that they bear the same relation to the medullated axones of the central 
nervous system as that ascribed to similar cells known to occur in the 
peripheral nervous system. Adamkiewicz, 85, was, I think, the first to 
fully describe such cells in the developing peripheral nerves. He re- 
ferred to them as “ nerve corpuscles” and “ half-moon cells,” and they 
have since been called “ Schwann’s corpuscles” from their relation to 
the sheath of Schwann and their supposed identity with the nucleus of 
that sheath in the adult peripheral nerve. These cells are thought to be 
actively concerned in the development of the myelin sheath. Consider- 
ing the seal-ring cells in the developing central system as similar to the 
nerve corpuscles in the peripheral nerves, it may be assumed that in the 
central system also they have something to do with the development of 
the medullary sheaths and, further, that they are likewise of mesodermal 
origin, probably recruited from the wandering cells which are known to 
enter the central system. Whether or not in either system these cells 
play a réle in the production of myelin similar to that played by the 
fat-cell in the production of fat, it may at least be advanced that they 
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have to do with the supporting structures of the myelin sheath, for this 
sheath in the central as well as in the peripheral system possesses a 
primitive sheath and a delicate framework throughout, contributing to 
its organization. In the central system the primitive sheath is much 
thinner than in the peripheral nerves, but it may be discerned in prepara- 
tions from which the myelin has been extracted, and also the delicate 
framework which permeates the myelin itself. Some of the features of 
this framework have been recently described by Wynn, 00, and Hatai, 03, 
who give the findings of previous observers, and my preparations show 
that both the primitive sheath and the framework not only resist diges- 
tion, as first shown by Ewald and Kiihne, 76, but also, after the special 
neuroglia method, they both stain like the mesodermal tissue from the 
pia mater. 


SUMMARY. 


1. The cells composing the neural tube are at first individual and 
definitely arranged, but at an early stage they all lose their boundaries 
and the resulting fusion of their protoplasm gives rise to a syncytium. 

2. The protoplasm of the syncytium increases more rapidly than the 
nuclei are distributed and, in consequence, there appears at the periphery 
of the embryonic spinal cord an excrescence of non-nucleated protoplasm, 
which becomes the mantle layer of the later stages. 

3. The fine threads of the spongioplasmic network of the original cell- 
protoplasm thicken and the meshes enlarge, giving rise to a filamentous 
reticulum, and, at the peripheral and ventricular surfaces of the neural 
tube, this reticulum becomes condensed into the external and internal 
limiting membranes. Thus the specimen becomes a reticulated syncy- 
tium with definite boundaries. 

4. The threads further thicken both by growth of their substance and 
by a condensation of adjacent threads, resulting from the collapse of 
many of the smaller meshes occasioned by a radial drawing out of the 
reticulum. This radial drawing out and condensation is due partly to 
the original form of the syncytium, but largely to the lateral direction 
of the growth of the wall of the tube and the radial migration of the 
nuclei from the ependymal layer toward the periphery. It continues 
till the syncytium of the lateral wall assumes the form of radially 
arranged, axial filaments connected with each other by numerous smaller 
threads between them. Due to the nature of their formation, the axial 
filaments apparently bifurcate near the inner boundary of the mantle 
layer. Here the bifurcations, together with the more numerous lateral 
threads, result in a complexity in the arrangement of the filaments which, 
for a time, prevents the nuclei from migrating into the mantle layer. 
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5. The ingrowth of blood-vessels into the neural tube first occurs in 
pigs of from 9 to 10 millimeters. 

6. Prior to the ingrowth of blood-vessels, all nuclear division occurs 
in the ventricular border of the ependymal layer and, after the ingrowth 
of blood-vessels the great majority of the dividing nuclei and most of 
those of undoubted ectodermal origin occur in the ependymal layer. 
Mitosis increases from the earliest stages, reaches and maintains for a 
time a period of maximum activity (pigs of 10 to 20 millimeters), then 
gradually declines and, in pigs of from 30 to 40 millimeters, practically 
ceases altogether. 

%. Throughout the lateral walls of the neural tube, the nuclei migrate 
radially from the ependymal layer, first from the ventral half of the 
layer, forming the anlage of the ventral horn, and then a general migra- 
tion giving rise to a middle layer of the specimen with nuclei more loosely 
arranged then in the ependymal layer. The mantle layer remains prac- 
tically uninvaded by ectodermal nuclei till in pigs of 70 to 80 milli- 
meters. 

8. The ventricle of the neural tube increases in size in pigs up to about 
3() millimeters, then it decreases by a collapse of its dorsal two-thirds, and 
there results a central canal but little larger than that of the adult. 
Coincident with the collapse of the ventricle, nuclear division ceases and 
the continued migration of the nuclei results in a thinning of the epen- 
dymal layer, hitherto maintained quite thick, till the layer becomes an 
ependyma similar to that of the adult. 

9. With the present technique, there is nothing to show that all the 
products of the mitoses (germinal cells) in the ependymal layer are not 
indifferent elements from the first—capable of developing into either 
neurones or neuroglia. 

10. The syncytium of the neural tube, at first wholly of ectodermal 
origin, soon becomes invaded by ingrowths of the connective-tissue syncy- 
tium without and by two other types of mesodermal elements. The fact 
that the syncytia from the two sources fuse before the neuroglia is formed 
as such, and the fact that the nuclei from the two sources are similar, 
make it difficult to determine whether mesodermal elements take part 
in the formation of the neuroglia or not. Tissue of mesodermal origin 
contributes appreciably to the supporting tissue of the spinal cord but, 
by definition, such cannot be called neuroglia. 

11. The differentiation of the fibrils of white fibrous tissue occurs 
considerably before the appearance of neuroglia fibers. 

12. Soon after the cessation of mitosis, the radial arrangement of the 
syncytium of the spinal cord becomes obliterated by the further ingrowth 
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and elaboration of the nerve-elements and blood-yessels, the arrangement 
being finally maintained only in the, then thin, ependymal layer. With 
the beginning of medullation (pigs of 16 to 20 centimeters) the syney- 
tium becomes moulded in the imterspaces of the neurones and_blood- 
vessels and, for the first time, there begin to appear in the white sub- 
stance the characteristic shapes hitherto described as neuroglia cells. 

13. The silver method cannot be trusted to tell the true story, and 
never the whole story. As to the pictures of neurogha cells obtained 
by this method, while most of them probably contain nuclei, many of 
them do not. 

14. The development of neuroglia fibers from the syncytium is a pro- 
cess of transformation. Only fully developed (chemically transformed) 
fibers react to the special neurogla stain. These do not appear in pigs 
till after the processes of medullation are well underway. The method 
of their development is somewhat similar to that described for the fibrils 
of white fibrous tissue. 

15. In the early embryo all the nuclei are of the large vesicular type, 
and the various varieties of neurogla nuclei described in the literature 
may be considered as transition forms of this type. Beginning with this 
type, many of them gradually decrease in size, change in their staining 
properties and, in their final stage, undergo fragmentation and disappear. 

16. The syncytium of the spinal cord digests in common with the 
connective-tissue syncytium. Owing to the chemical effect of the diges- 
tion process upon the tissue, and the presence of white fibrous tissue in 
the specimen, and to the physical nature of the preparation, it is difficult 
to determine whether neuroglia fibers digest or not. The framework of 
the medullary sheaths in the central nervous system both resist diges- 
tion and stain as white fibrous tissue does. 

17. About the medullating axones of the central hervous system there 
occur cells similar to the nerve-corpuscles described in the developing 
peripheral nerves. 
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EXPLANATION OF FIGURES ON PLATES I-V. 


All the figures are from transverse sections of the spinal cord, and with 
the exception of Fig. 1, which is from the rabbit, all illustrate conditions 
found in the pig (cervical region). The oil immersion (Zeiss) was used in 
all the drawings. 

PLATE) I. 


Fic. 1. From the neural tube of an embryo rabbit shortly before the 
closure of the tube. Taken from His, 89. Showing a stage when the wall 
is composed of distinctly outlined, individual cells. —/jinner zone; g—mi- 
totic nucleus or germinal cell; m-—peripheral zone, position of the later 
mantle layer. x 920. 

Fic. 2. Pig of 5 millimeters, unflexed. Just after the closure of the neural 
tube. Segment from lateral wall of tube showing the disappearance of cell 
membranes and the beginning of the consequent fusion of the cell proto- 
plasm to form a syncytium. —inner zone; g—mitotic nuclei or germinal 
cells; m—beginning of mantle layer; mli—internal limiting membrane; 
yr —radial columns of protoplasm. \ 920. 

Fig. 3. Pig of 7 millimeters, unflexed. Segment from ventro-lateral wall 
of neural tube. Showing the earliest form of the syncytium and the second 
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stage in the mantle layer. ma—Zinner zone or ventricular border of the 
ependymal layer; g—nuclei in mitosis or germinal cells; mli— membrana 
limitans interna; mle—membrana limitans externa; »—radial, axial fila- 
ments of the syncytial protoplasm; p—anlage of pia mater. < 920. 

Fig. 4. Pig of 10 millimeters, “ crown-rump measurement.” Segment from 
lateral wall of neural tube showing more pronounced radial arrangement of 
the syncytium, the final disappearance of all cell membranes, and a third stage 
in the structure of the mantle layer. a@—inner zone or ventricular border 
of ependymal layer; b— boundary between nucleated layer and mantle layer: 
g =mitotic nucleus; m—mantle layer; mli and mle — internal and external 
limiting membranes; r — axial filaments; p—anlage of pia mater. By the 
author’s mistake in measurement the original drawing is too much reduced 
in this figure. To conform to the scale of the preceding figures its long axis 
should be about % inch greater. 


PLATE II. 


Fie. 5. Pig of 9 millimeters, flexure beginning. Showing the stage of the 
first ingrowth of blood-vessels, the abundance and locality of dividing nuclei, 
the migration of the nuclei, the beginning of the middle nucleated layer, and 
the general appearance of the syncytium at this stage. A portion of the 
surrounding connective-tissue syncytium is included in the drawing. The 
depression along the ventral aspect of the specimen is greater than is usual 
at this stage (see Fig. 6). bc—blood capillary; cs — connective-tissue syncy- 
tium; @—dorsal aspect of tube; ep — ependymal layer; mn—middle nucle- 
ated layer; mv —mid-ventral portion of mantle layer; vh —anlage of ventral 
horn; sg—spinal ganglion; other reference letters — same as in Fig. 4. 
< 170. 

Fic. 6. Photograph of section from pig of 15 millimeters, “ crown-rump 
measurement.” Showing the low-power appearance, relative thickness and 
extent of the mantle layer, the general appearance of the syncytium, the 
appearance of the middle nucleated layer (mn) resulting from the further 
migration of nuclei from the ependymal layer (ep). Fig. 7 is taken from 
the ventral portion of sections similar to this. d— dorsal portion of epen- 
dymal layer about which the mantle layer does not extend ; dh —anlage of 
dorsal horn; mv — mid-ventral portion of mantle layer; other reference letters 
= same as in Fig. 4. x 90. 

Fic. 7. Combination drawing from sections of pig of 15 millimeters. The 
lower part of the drawing is taken from the ventral portion of the section 
shown in Fig. 6; the upper part is from a section of the same stage but 
stained by the silver method. The drawing allows a comparison of the results 
ebtained by the two methods and shows in more detail the appearance of the 
syncytium in the nucleated layer (mn) and the mantle layer (m), and the 
greater complexity of the protoplasmic filaments along the border line between 
the two (b). bv—blood-vessel; cs — connective-tissue syncytium; mv — dif- 
ferently arranged mid-ventral portion of the mantle layer; r—radial fila- 
ments of syncytium as shown by the silver method; other letters same as in 
Fig. 4. > 320. 

Fig. 8. Photograph of transverse sections from pig of 30 millimeters. 
Showing further advancement of the changes begun in Fig. 6, including the 
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“more fibrillated appearance of the syncytium, the central canal resulting 
from the collapse of the ventricle, and the thinning of the ependymal layer 
(ep) due to the continued migration of the nuclei and the cessation of nuclear 
division. In the dorsal horn (dh) the smaller variety of nuclei is more 
numerous than elsewhere. i—<ingrowths of pia visible because of slight 
shrinkage of specimen; ms —septum formed by fusion of internal limiting 
membrane; 2 — first evidence of cell groups in ventral horn (vh); sp — begin- 
ning of posterior septum; other letters — same as in previous figures. 90. 


PLATE IIl. 


Fic. 9. Combined drawings from sections of same spinal cord as shown in 
Fig. 8. Showing the increased filamentous appearance of the syncytium, the 
further modified structure of the mantle layer (m), now studded with embry- 
onic neuraxes, the form of the mid-ventral portion of the. mantle layer (mv) 
resulting from the forces of growth, and the ingrowths of mesodermal tissue 
(i). Comparing the appearance of the section with the pictures obtained in 
the same specimen by the silver method, the pia mater (py) is now positively 
indicated in the more compact arrangement about the periphery of the 
connective tissue syncytium (cs). Other letters —same as in other figures. 
< 320. 

PLATE IV. 


Fic. 10. Combined drawings of lateral segments from sections of spinal 
cord of a pig 55 millimeters long. Showing the finely fibrillated syncytium 
with the radial arrangement maintained, the increased variation in the nuclei 
of mn, the increased complexity of the filaments at b, and the increased selec- 
tiveness exerted by the filaments (7) upon the silver compound. 300. 

Fic. 11. Combination drawing same as in Fig. 10, but from a pig of 70 mil- 
limeters. Showing the beginning obliteration of the radial arrangement of the 
syneytium and the beginning selectiveness of other than ependymal nuclei for 
the silver. b—‘neuroglia cells’? without nuclei; c—cells probably contain- 
ing nuclei; e — filaments detached from the internal limiting membrane; other 
letters — same as in Fig. 6. > 300. 


PLATE V. 


Fic. 12. Combination drawing from transverse sections of the spinal cord 
of pig of 20 centimeters. Showing the condition of the syncytium, the first 
appearance of neuroglia fibers and the probable nature of the ‘“ neuroglia 
cells”? of the silver method. a—neuroglia cell after the Benda method; a’ 
= Similar cell by the silver method; } and b’ —non-nucleated neuroglia cells; 
a == mass of the syncytium with silver deposit; d —free nuclei; e and f —neu- 
roglia fibers beginning to take the differential stain; s —seal-ring cells. 
700. 

Mies We: Area from transverse section from suckling pig of two weeks. 
Showing fully developed neuroglia fibers and fibers in process of transforma- 
tion, and varieties of “ neuroglia cells.” a@ to k —neuroglia nuclei in various 
Stages; s—seal-ring cell. 700. 
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THREE CASES OF A PANCREATIC BLADDER OCCURRING 
IN THE DOMESTIC CAT. 


BY 
W. S. MILLER, M. D. 


From the Anatomical Laboratory of the University of Wisconsin. 


With 3 TExT FIGURES. 


The arrangement of the pancreatic ducts in the cat is quite different 
from that in man or in the dog. 

In man we find the ductus pancreaticus (Wirsungi) opening into the 
duodenum in connection with the ductus choledochus, while the ductus 
accessorius (Santorini) enters the duodenum nearer to the pylorus. 
The larger of these two ducts is the ductus pancreaticus. 

In the dog the ductus pancreaticus, as in man, enters the duodenum 
with the ductus choledochus, but the ductus accessorius enters the duode- 
num caudosinstralward from the common opening of the ductus chole- 
dochus and ductus pancreaticus. The larger of these two is the ductus 
accessorius. 

There are in the cat two pancreatic ducts, and their relation to the 
ductus choledochus and duodenum is practically the same as in the dog, 
with the exception that the ductus pancreaticus is the larger of the two 
ducts. 

Following the nomenclature used by Owen, we find that the ductus 
pancreaticus is formed by the union of the two main trunks which come, 
the one from the splenic, the other from the duodorsal portion of the 
pancreas. The ductus accessorius is small, in some cases insignificant 
in size, and varies considerably in its mode of origin. 

The ducts of the pancreas in Mammalia differ from those of the liver 
in that there is not usually connected with them a receptacle for the 
storage of the pancreatic juice; on the other hand, absence of a gall- 
bladder, except in the Perissodactyla, is exceptional. 

In 1815 Mayer figured and described a pancreatic bladder in a cat. 
This bladder was situated on the inferior (caudal) surface of the liver, 
close to the gall-bladder, and was connected with the duct of Wirsung 
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by means of a rather long duct. The gall-bladder occupied its usual 
position and exceeded the pancreatic bladder in size. 

In 1879 Gage, of Cornell, figured and described a second case of a 
pancreatic bladder, and, like that of Mayer, it was found in a cat. This 
case was not mentioned by Oppel in his excellent work on the compara- 
tive anatomy and histology of the pancreas. Gage describes his case as 
that of a “ pancreatic reservoir, analogous to the gall-bladder. In this 
case it is larger than the latter and partly covers it. The two are very 
closely bound together for about half their longitudinal extent, by a 
broad, firm band, which produces a decided constriction in both. The 
walls of the reservoir are very firm and thick, as are also those of its 
ducts. The duct is nearly straight, and bifurcated before terminating, 
sending the larger branch to the gastro-splenic division of the duct of 
Wirsung, and the smaller to the common trunk. . . . There was no com- 
munication whatever between the pancreatic reservoir or its duct and the 
gall-bladder or the ductus choledochus.” 

These two cases are the only authentic ones that I have been able to 
find in which a true pancreatic bladder has been present. It has been 
reported as being present in other mammals, but I fail to find substan- 
tial proof. The dilatation of the ampulla of Vater, which is often 
found, as for example in the elephant and rhinoceros, situated as it is 
within the walls of the duodenum, is quite another thing and is not to be 
considered a bladder. 

Three cases in which a pancreatic bladder was present have come 
under my observation, and like the case of Mayer and of Gage, they were 
found in the domestic cat. Of these three cases of pancreatic bladder, 
cases II and III were practically identical, while case I presented quite 
a different type. 

In case I (Fig. 1) the pancreatic bladder occupied the usual position 
of the gall-bladder. The gall-bladder was about one-third the size of 
the pancreatic bladder and was situated to the right of the pancreatic 
bladder, with which it was connected by a small amount of loose con- 
nective tissue. The duct leading from the pancreatic bladder crossed the 
ductus cysticus just as it left the gall-bladder, passed obliquely over the 
right branch of the ductus hepaticus, then ran parallel to the ductus 
choledochus, and finally joined the duodorsal division of the ductus 
pancreaticus 6 mm. from its union with the splenic division. Two small 
ducts arising in the duodorsal portion of the pancreas joined the duct 
coming from the pancreatic bladder just before its union with the main 
duct to form the ductus pancreaticus. The lobation of the liver pre- 
sented nothing abnormal; both the liver and pancreas were of normal 
. size. 
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In case I (Fig. 2) the gall-bladder occupied its usual position. The 
pancreatic bladder was about two-thirds the size of the gall-bladder. It 
occupied a position caudal to the gall-bladder, with which it was loosely 
united by connective tissue. The duct coming from the pancreatic 
bladder passed obliquely over the ductus cysticus and the right branch 
of the ductus hepaticus, and, after running parallel to the ductus chole- 
dochus, joined the duodorsal division of the ductus pancreaticus 11.5 mm. 
from its union with the splenic division. In size the liver and pancreas 
were normal. The lobation of the liver was normal, except that the left 
lateral lobe had a deep incision extending from the porta hepatis trans- 
versely across it, nearly subdividing it into two portions. 


IRIE. Il. BiGee2. 


Fie. 1. Diagrammatic outline of the liver and a portion of the pancreas and duodenum 
in Case I. The liver has been turned cephalad. The pancreatic ducts and bladder are 
represented in solid black; the gall-bladder and bile ducts in outline. Note that the 
pancreatic bladder occupies the usual position of the gall-bladder, while the latter lies 
caudal to it resting on the right median lobe of the liver. The two small ducts mentioned 
in the text can be seen below the point of union between the pancreatic cystic duct and the 
duodorsal division of the ductus pancreaticus. 

Fig. 2. Diagrammatic outline of the liver and a portion of the pancreas and duodenum 
in Case II. The liver has been turned cephalad. Pancreatic bladder and ducts black; gall- 
bladder and ducts in outline. The gall-bladder in this case occupies its normal position. 


In case III the gall-bladder was the larger of the two and occupied 
its normal position. The pancreatic bladder was half the size of the 
gall-bladder and firmly attached to it by a strong sheet of connective 
tissue. The course of the duct was as in case II. It joined the duo- 
dorsal division of the ductus pancreaticus 7 mm. from its union with 
the splenic division. Just before its union with the main duct of the 
pancreas a few small ducts coming from the adjacent part of the pan- 
creas joined it. The left lateral lobe of the liver was somewhat folded 
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upon itself, otherwise the liver showed nothing unusual; the pancreas 
was normal. 

It may be of interest to note that 
two of the above-described cases came 
from the same farm house and that 
the third came from a neighboring 
house. In a full brother of case II, 
two gall-bladders were found. There 
was a well-developed gall-bladder 
and cystic duct connected with each 
branch of the ductus hepaticus 
(Fig. 3). Of these two gall-bladders 
: the one connected with the left 
eat eDiagrammetic guiing cf fee branch of the ductus hepatious was 
Ball pladders and cystic ducts were pres- the larger and occupied the usual 

position of the gall-bladder, while 
the one connected with the right branch was about half the size of the 
other and occupied a special depression on the ventrocaudal surface of 
the right median lobe. 

The year following that in which the above-described pancreatic blad- 
ders were found, two animals were obtained from the same neighborbood, 
and they presented the following variations in the pancreas. In one 
case there was a long narrow band of pancreatic tissue extending along 
the ductus choledochus nearly as far as the gall-bladder; its duct joined 
the duodorsal division of the ductus pancreaticus. In the other case 
there was a duct arising from the duodorsal division of the ductus pan- 
creaticus which ran parallel to the ductus choledochus, and in place of 
terminating in a bladder was connected with a small truncated mass of 
pancreatic tissue situated in the fossa vesice felleew. May not these two 
cases explain partially the way in which the pancreatic bladders have 
been formed ? 


All three cases of pancreatic bladder differed from those of Mayer 
and of Gage in that the duct coming from the pancreatic bladder joined 
the duodorsal division of the ductus pancreaticus. 

In one case the pancreatic bladder was the larger and occupied the 
usual position of the gall-bladder; in the other two cases the gall-bladder 
was the larger and occupied its normal place. 

In two cases one or more small ducts joined the duct coming from the 
pancreatic bladder just before it united with the duodorsal division of 
the ductus pancreaticus. In the third case no such branch was present. 


W. S. Miller 
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ON REGENERATION IN THE PIGMENTED SKIN OF THE 
FROG, AND ON THE CHARACTER OF THE 
CHROMATOPHORES. 


BY 
LEO LOEB anp R. M. STRONG. 


From the J. R. H. Molson Laboratories of Pathology and Bacteriology, 
McGill University, Montreal. 


In a former paper L. Loeb, 97, described the changes occurring in 
the pigmentation of regenerating black skin on the ear of the guinea- 
pig, and after transplantation of pigmented skin into white skin. In 
this paper we give the results of a study of the conditions in regenerat- 
ing frog skin. We shall consider principally the chromatophores and 
their origin in the epidermis, and add some notes on histological changes 
involved in the regeneration. We also give a brief statement of the 
results of some experiments with atropine and pilocarpine solutions. 

These later experiments were undertaken with the intention of inves- 
tigating the influence of different substances upon the growth of tissues 
in higher animals. In earlier experiments one of us (Loeb) had inves- 
tigated the influence of narcotic substances like alcohol and chloroform 
upon the regeneration of the tail in tadpoles. In these experiments 
atropine and pilocarpine were chosen, because Matthews, 02, had more 
recently found that pilocarpine accelerates the development of fertilized 
ova of Asterias somewhat. 

Methods and Material—A patch of skin, 5—8 mm. long and 3—5 mm. 
broad, usually elliptical, but sometimes oval in outline, was removed 
from a black area on the dorsal surface of the left shank of each frog. 
The animals were in apparently good condition and mostly very active. 
Before operation they were kept at the laboratory for several days in 
large battery jars containing water about 1-114 inches deep. 

After the removal of the patch of skin, the frogs were divided into 
three series and placed in jars. The animals of one series were in jars 
containing tap water; another series was given a solution of atropine sul- 
phate and a third lot of frogs had a solution of pilocarpine hydrochlorate. 
Both solutions had one part of the salt to 10,000 parts of water. A few 
animals also were placed in solutions of 1-1000 strength. 
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The solution and the tap water for all these series were changed every 
day for the first week and every other day thereafter. At the end of 
periods varying from ten hours to five weeks, frogs were killed and the 
tissue about the wounds removed. 

Corrosive-acetic was used for fixing and the material was embedded in 
celloidin. Serial sections were made and stained in Delafield’s haema- 
toxylin and eosin. Altogether, series of sections from 62 frogs were 
examined.’ 


Observations.—No constant effects on regeneration have been noticed 
for the atropine and pilocarpine solutions used. Regeneration of both 
epithelium and connective tissue seemed to take place equally well in 
either the weaker atropine, the pilocarpine solutions, or the tap water. 
There was no marked difference in the number of mitoses when these 
solutions were used. In some cases there was a little evidence of pos- 
sibly greater activity in regeneration, for some cases, in the pilocarpine 
solution than in the atropine. This difference was very slight and 
possibly accidental. In one series of experiments the number of leuco- 
cytes immigrating into the wound was decidedly larger in the pilocarpine 
solutions. This difference, however, was not observed in a second series. 
Frogs kept in either the weaker or the stronger solutions of pilocarpine 
did not behave differently from those in tap water, even at the end of 
four or five weeks; they were nearly all equally active. The animals 
placed in the stronger atropine solution were very stupid and helpless 
at the end of the first day or two, apparently being partially paralyzed, 
and none lived longer than five days. The weaker solution seemed to 
have a somewhat similar but much milder effect in a few cases. 

In the former series of experiments carried out in the spring of 1901, 
and referred to above, tadpoles, whose tails had been cut, were kept in 
1-6 per cent solutions of alcohol and in weak chloroform water up to 
six days after the operation; the control animals lived in tap water. 
These experiments were undertaken in order to ascertain whether or 
not these narcotic substances delay and weaken the movements and the 
growth of the cells. No marked differences in regeneration were ob- 
served between the different sets of tadpoles, with the possible exception 
of slight differences in the rapidity with which the epithelium covered 
the wound. 

Regeneration of the Epidermis.—Barfurth, 91, observed in the Sala- 
mander a rapid movement of epithelium over a wound before any in- 


1A part of these investigations was carried on with the aid of a grant 
from the Research Fellowship Fund of McGill University. 
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crease in the number of mitoses could be seen. We have made the same 
observation in the case of wounds in frog skin. The movement of 
epithelium is not limited to one layer of cells but involves several. The 
lower portions of the cells in the deepest layer of the epidermis move 
first toward the wound, and the cell-axes are occasionally rotated almost 
as much as 90° in the process, so that they come to have a horizontal 
position in place of the former vertical direction. This movement of the 
epithelium begins during the first hours after the operation and is com- 
pleted within one to three days. There is no distinct increase in the 
number of mitoses, however, until after the second day. 

The rapidity with which the epithelium moves over the wound after 
operation, together with the absence of any increase in the number of 
cell divisions normally occurring, indicates that the movement is not 
due to cell-proliferations © but to other causes. 

Some observations made by L. Loeb on regenerating tadpole epithe- 
lum seem to indicate considerable tension in the regenerating epithelium 
which may be more or less responsible for the movements. He found 
papille which had ben formed apparently through the folding of the 
upper layers of regenerating epidermis, though they may have been the 
result in some cases of a degeneration of epithelial cells. These papille 
may occur within a few hours after the operation or a few days later. 

The changes determining the movements affect the cells nearest the 
wound first, but are later extended to the epithelium farther away. The 
epithelium moves only in contact with solid bodies. 

Mitoses occur not only in the deepest layers of the epidermis but also 
as high as the fifth or sixth layers, whereas in regenerating guinea-pig’s 
skin, they were found almost exclusively in the two lowest layers. 

Within forty-eight hours after the wound is made hypertrophy is seen. 
Individual cells enlarge and become more and more numerous. 

We almost invariably find degeneration of epidermal cells connected 
with this hypertrophy. Such degeneration is also seen in the tissue 
which has advanced farthest over the wound, and is also found in the 
deepest layer of the epithelium in cases where many leucocytes penetrate 
this tissue. The nucleus of degenerating cells usually becomes kayor- 
rhectic and the cytoplasm homogeneous, staining well with eosin. The 
degenerative changes accompanying the hypertrophy may be found even 


?The proliferation of cells in the regenerating epithelium takes place both 
by mitosis and amitosis. Amitosis was first described for regenerating mam- 
malian epithelium by L. Loeb, 98; later by Marchand, o1; and Werner, 02; 
and Nussbaum, 82, has observed amitosis in regenerating epithelium in the 
cornea of amphibia. 
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in cases where the connective tissue underlying the hypertrophied epithe- 
lium has regenerated perfectly. These degenerations are accompanied 
by cell-inclusions, which are sometimes almost indistinguishable from 
red blood corpuscles. It was found by L. Loeb, 02, that epithelial 
cells in regenerating mammalian skin do actually take up blood cor- 
puscles and other solid particles. 

In one case, 14 days after the operation, a development of epithelial 
pearls had taken place in the regenerating and hypertrophied epithelium 
of a frog which had been kept in a solution of atropine. Hpithelial 
pearls could also oceasionally be seen in the guinea-pig epithelium which 
was growing in agar. We believe that these morphological changes do 
not indicate a tendency of this epithelium to assume a carcinomatous 
character, an interpretation which has been given to similar formations 
by certain investigators. 

It was not uncommon to find processes of the regenerating epithelium 
penetrating the coagulum beneath the wound. They may advance in 
different directions, either in one layer or in several layers of cells. 
Often the fibrin fibers are merely bent inwards by the advancing epithe- 
lial cells, but they are sometimes actually perforated by the epithelium. 

This penetration of the fibrin may occur within twenty-four hours 
after the operation, and processes in the epithelium may be observed 
in the fibrin as late as ten days. The cells in these processes multiply 
mitotically, and mitosis occurs in the epithelium lying directly on the 
coagulum, also, just as was the case in the experiments of Loeb for epithe- 
lum penerating coagulated blood-serum and agar. 

Regeneration of the Cutis——Though regeneration in the epidermis be- 
gins within a few hours after the operation, it does not appear in the 
cutis until the fifth day. When once started, however, the regeneration 
is frequently rapid. After six days, or a day or so from the beginning 
of regeneration in the cutis, a small defect may be entirely filled by con- 
nective tissue and capillaries; at later periods it was sometimes impos- 
sible to detect the wound. ‘The position of the former wound was recog- 
nized in one case at the end of three weeks only through the presence of 
small mononuclear cells (lymphocytes?) in the connective tissue. In 
another case, taken thirty-four days after the operation, masses of small 
round cells in the cutis indicated the previous existence of a wound; the 
connective tissue had not regained its typical structure. 

In a number of cases where the defect in the cutis was comparatively 
large there was either no regeneration of connective tissue or it was more 
or less incomplete. Though, in many cases, a variable number of leuco- 
cytes were frequently present in the fibrin, this was not always the case, 
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and it seems unlikely that such failures in regeneration were due entirely 
to infection by micro-organisms. Those connective-tissue cells that ad- 
vance into the fibrin quite frequently degenerate; they swell up and 
their nuclei are destroyed by chromatolysis. 

In the case where the cutis did not heal, masses of leucocytes were 
found in the epidermis at some places. It has not been possible to decide 
whether this condition was due to an invasion of leucocytes into the 
epithelium after which a destruction of epithelial cells followed, or 
whether on the contrary a degeneration of the epithelial covering, caused 
by imperfect healing of the connective tissue, was the primary factor, 
resulting, secondarily, in an immigrating of leucocytes. 

A number of small gland tubules were seen under the regenerating 
epidermis in three wounds, at the end of the third week in two cases, and, 
after 34 days, the third one had gland cells dividing mitotically. In 
these cases only the most superficial portion of the cutis had been removed 
with the epidermis. In the skin adjoining the wound, typical large 
glands were present. It seems likely that we have here a regeneration 
of glands, but, as in these cases only a small part of the cutis had been 
removed with the epidermis, it has been impossible to determine whether 
or not such glandular regeneration starts from gland cells left in that 
part of the cutis not removed, or in the epidermis itself. 

The Chromatophores of the Regenerated Tissue-——There has been no 
unanimity of opinion concerning the origin of chromatophores, or 
pigment-bearing cells with ramifying processes, in the epidermis. ‘The 
earler views, that they are immigrated leucocytes, or common connec- 
tive-tissue cells that have invaded the epidermis, have been more or less 
generally abandoned. At present two views are held, either (1) that all 
chromatophores of the body are of common mesodermic origin, or (2) 
that the chromatophores of the epidermis are simply modified epithelial 
cells. This latter view has been held by a number of writers, including 
Kodis, Jarisch, Post, Kromayer, and ourselves, Loeb, 97, Strong, 02. 
According to the first view, all chromatophores, at a certain stage of 
embryonic development, are differentiated from ordinary connective- 
tissue cells, and a part of them grow secondarily into the epidermis. 
These are called melanoblasts by Ehrmann, 96, the main exponent of 
this idea. Ribbert, or, holding the same opinion, believes that the pig- 
mented tumors, arising from pigmented nevi of the skin, are composed 
entirely of such cells, and accordingly calls them Melanomata to designate 
their genetic difference from other tumors. 

One of the aims of our studies was to compare the behavior of the 
chromatophores and the pigmentation of the regenerating frog skin with 
the pigmented skin of the guinea-pig during regeneration. 
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The pigmentation of frog skin differs considerably from that of the 
guinea-pig. In the frog cutis there is usually a well-marked layer of 
chromatophores, which are generally much larger and frequently more 
branched than the epidermal chromatophores, whereas the guinea-pig 
cutis has no well-developed chromatophores and its pigment is distrib- 
uted irregularly in masses or clumps. The dermal chromatophores of 
the frog are separated from the epidermis by considerable connective 
tissue, and the epidermal chromatophores are usually situated higher up 
in the epidermis than is the case with the guinea-pig. 

L. Loeb, 98, distinguished four stages in the development of pigmenta- 
tion in the regenerating black skin of the guinea-pig. These were not 
observed in the regenerating frog skin. 

As in the case of the guinea-pig, we find no evidence of an immigra- 
tion of dermal chromatophores into the epidermis of the regenerating 
frog skin. 

The epithelium, which moves over the wound soon after the operation, 
carries chromatophores and ordinary pigmented epithelial cells. These 
chromatophores are usually found to be without processes. During the 
first two weeks similar chromatophores are frequently observed in the 
regenerating epithelium. They may still be found during the third week, 
especially in the central part of the regenerated epithelium. Under 
these conditions they may appear as ordinary pigmented epithelial cells; 
they carry, however, more pigment than the latter. Kromayer has 
also observed chromatophores without processes near the margins of 
wounds in amphibia. 

The number of well-developed chromatophores with large processes 
increases gradually in the regenerating epithelium, and they become 
especially numerous near the margins of the regenerating area. Chroma- 
tophores without processes were found, however, even at later periods, in 
the hypertrophied epithelium where cell-degeneration occurred. 

Chromatophores divide mitotically during regeneration in frog skin. 
Two chromatophores were found in mitosis at places where ordinary 
emthelial cells were also dividing mitotically, one at fourteen and the 
other at nineteen days after the operation. One showed processes but 
the other had none. 

In regenerating epithelium, the chromatophores are not arranged in 
as regular a manner as in ordinary epithelium. During the first two 
weeks many chromatophores of the epithelium covering the wound and 
occasionally also of the adjoining epithelium, are carried into the upper 
part of the epidermis and are frequently cast off. Sometimes the chro- 
matophores are pushed into the lower layer of the epithelium, and even 
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farther into the underlying fibrin; they never come from the underlying 
tissue into the fibrin. Under these conditions they usually lose their 
processes. Near such places the fibrin may be entirely free from con- 
nective tissue. In some cases, taken at different times during the first 
three weeks, the skin adjoining the wound was unequally pigmented, and 
the regenerating epidermis often varied correspondingly in pigmentation. 
On a side where the epithelium adjoining the wound was more heavily 
pigmented, there were more chromatophores in the regenerating epider- 
mis over the wound than at another place where the adjoining side was 
less pigmented. | 

Instead of the common arrangement of pigment on the outer side of 
the nucleus, which is characteristic of normal epithelial cells, we often 
find an irregular arrangement of the pigment in the cells of regenerating 
epithelium, which is probably due to the turning of the cells in the 
movement over the wound. 

Chromatophores do not appear in the cutis until after two or three 
weeks, though regeneration begins here at the end of five days. In fact, 
the sub-epidermal part of the wound is filled with connective tissue before 
any chromatophores are to be seen in it. 

It is therefore evident that the chromatophores of the regenerating 
epidermis cannot possibly come from the regenerating dermis. Dermal 
chromatophores are sometimes found at early periods, 7. e., after the 
fifth day, projecting slightly into the wound where they were probably 
carried passively by the advancing fibroblasts. They remain, however, 
near the margin of the wound. 

Occasionally we found small cells bearing pigment granules in the 
fibrin or in the newly-formed connective tissue. They are leucocytes 
or young connective-tissue cells. The chromatophores of the dermis were 
not regularly arranged at the end of thirty-four days; they were missing 
at some places, and at other points they were situated deeper than is 
the case normally. They appear, occasionally, in increased numbers at 
the margin of the wound where they are sometimes surrounded by masses 
of small round cells. 

In the experiments with wounds in tadpole skin, referred to previously 
in this paper, the regenerating tissue was taken at periods varying from 
a few hours to six days after the operation. The chromatophores of 
both the epidermis and the cutis showed characteristics like those that 
have just been described for the frog. 

In the case of transplanted guinea-pig skin, pigment is produced by 
epidermal cells and is not directly the product of material carried to the 
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cell by the blood or lymph. An unpigmented cell is surrounded by the 
same nutrient as a pigment producing one; yet the latter only forms 
pigment. The pigment forming epithelium may be transplanted to a 
place where formerly unpigmented cells were situated, and it will con- 
tinue to produce pigment, though the blood supply must remain the 
same. The production of pigment by these cells can in no way be com- 
pared to the formation of pigment in connective-tissue cells which are 
in contact with extravasated blood. 

The evidence furnished by these studies against Ehrmann’s hypothesis 
of the mesoblastic origin of epidermal chromatophores may be summar- 
ized as follows: 

(1) We find no indications of a migration of pigmented or pigment- 
producing cells of any kind from the dermis into the epidermis. 

(2) Chromatophores were observed to multiply by mitosis in the epi- 
dermis, and they are found regularly in regenerating epithelium long 
before any dermal tissue has regenerated in the space below. 


SUMMARY. 


1. Solutions of pilocarpine, atropine, and aleohol in which the ani- 
mals lived constantly had little influence on regeneration. 

2. The rapid movement of epithelium over the wound soon after eut- 
ting the skin is not due to cell proliferations. It is more probable that 
a tension, either previously existing or called into play by the wound, is 
the cause. 

3. Cells divide both by mitosis and by amitosis in the regenerating 
epithelium. In regenerating frog epidermis mitoses are found in higher 
layers of cells than in guinea-pig skin. 

+. Epithelial cells move in all directions into the sub-epithelial coagu- 
lum, and they may break through fibers of fibrin. 

5. If the wound is large, the sub-epithelial clot may remain imper- 
fectly organized, and some connective-tissue cells may degenerate. There 
is often very little regeneration of connective tissue below the wound as 
late as three weeks after the operation. 

6. The chromatophores in the epidermis of frog skin behave in regen- 
eration as ordinary epithelial cells and not as the chromatophores of the 
cutis. ‘The former regenerate rapidly and the latter very slowly. Dur- 
ing regeneration, epithelial chromatophores may be found in the coagu- 
lum underneath the epidermis. 

7. There is no evidence of an ingrowth of chromatophores into the 
epidermis from the cutis, and the epithelium of the regenerating patch 
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of skin is fully pigmented before any pigment appears in the cutis below. 
The pigment of the epidermis is found in cells whose origin is strictly 
epidermal. 
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THE CYTOPLASMIC AND NUCLEAR CHANGES IN THE 
STRIATED MUSCLE CELL OF NECTURUS. 


BY 
ALBERT C. EYCLESHYMER, 


Professor of Anatomy, St. Louis University, St. Louis, Mo. 


WitTH 4 PLATES. 


The striated muscle cell, although the subject of a voluminous litera- 
ture, still presents many problems worthy of investigation. 

The unicellular character of the fibre has recently been questioned. 
The method of increase in the number of cells, the mode of growth of 
the individual cell, the origin of the sarcolemma are all problematic. 

The cytoplasmic changes deserve renewed attention. The presence of 
fibrillee in the living cell is denied by many. ‘Those who regard them as 
veritable structures are not agreed as to their origin, their method of 
multiplication, or their extent in the cell. The character of the cyto- 
reticulum, the arrangement of its meshes, and the relation of the fibrille 
to these meshes, should be further studied. 

The nuclear changes especially merit extended investigation. The 
method of nuclear division is undecided; nuclear movements have been 
noted but not interpreted; nuclear structures, membrane, linin network, 
plasmosomes and karyosomes undergo striking changes in volume, posi- 
tion, and staining properties, but the significance of these changes 1s 
unknown. 

The present study, while dealing to some extent with general prob- 
lems in myogenesis, is devoted chiefly to the cytoplasmic and nuclear 
changes with the purpose of interpreting their relation during various 
phases of eytomorphosis.’ 

This work was begun in 1901 while the writer held an Austin Fellow- 
ship in the Harvard Medical School. To Professor Minot the writer is 
deeply indebted for guidance and encouragement. To Professor Barker, 


1 Minot, o1, 29, has used this word “to designate comprehensively all the 
structural alterations which cells, or successive generations of cells, may 
undergo from the earliest undifferentiated stage to their final destruction.” 
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of the University of Chicago, he must also express his thanks for valuable 
suggestions and criticisms. 


DETAILED DESCRIPTION OF SUCCESSIVE STAGES OF DEVELOPMENT. 


The striated voluntary muscle cell of Necturus has been selected on 
account of the large size of its structural elements, and because a prelim- 
inary study of my own series of embryological stages, together with those 
in the Harvard Embryological Collection, assured me that a detailed 
study would yield new facts. 

The material used was fixed in Flemming’s stronger fluid, Zenker’s 
fluid, corrosive-acetic acid, and picro-acetic acid. The nuclear stains 
employed were Delafield’s hematoxylin, Heidenhain’s iron-alum hema- 
toxylin, alum cochineal and safranin. The cytoplasmic stains were 
eosine, orange G, and Lyons blue. 

In comparing the various phases of cytomorphosis the cells have been 
studied in the same relative localities, as often as possible from the fifth or 
sixth post-aural segment. In comparing the nuclei the so-called resting 
stages have been selected. It should be stated here that the nuclei, up 
to the 26-mm. larva, divide by the typical indirect method. This state- 
ment must be qualified by the fact that thus far centrosomes have not 
been observed in striated voluntary muscle cells. As to the method of 
nuclear division in the later and adult fibres, little is known. Macal- 
lum, 87, 462,’ states that among the many hundreds of muscle nuclei 
which he examined, but a single case of division was observed and this 
one was found in heart muscle. I have likewise examined many nuclei 
with the hope of settling this point, but am as yet unable to say whether 
the division is direct or indirect. 

When the myoblasts can first be distinguished by their cylindrical 
outlines, they are heavily laden with yolk granules (Fig. 1, y), which 
vary widely in size, but are quite uniformly distributed throughout the 
body of the myoblasts. At this time one often finds, in carefully teased ma- 
terial, cytoplasmic strands connecting the ends of myoblasts in adjoining 
myotomes (Plate I, Fig. 5, c.s.). These strands are numerous and indi- 
cate a widely extending syncytium. 

Necturus 6-7 mm.—The anterior myotomes, which are now well de- 
fined, measure about 0.8 mm. in length. The axial portion or muscle 


2 The numbers indicate the year of publication and the page of the citation. 
No attempt has been made to give a complete bibliography, only those papers 
teing listed which are not included in the extensive bibliography given by 
Heidenhain, 98. 


tell 


: Albert C. Eycleshymer 287 


plate is several layers of cells in thickness, and these cells or myoblasts 
extend from one end of the muscle-plate to the other, as can readily be 
demonstrated by teasing them apart. The peripheral portion or cutis- 
plate (Fig. 1, c. p.)* consists of a single layer of cells with their long 
axes radiating from the center of the myotome. The nuclei of these cells 
even at this early stage are distinctly different from those of the muscle- 
plate, not only in form and size, but also in staining capacity. 

The yolk granules in the earlier stages were of uniform size and evenly 
distributed, indicating an even rate of absorption. At this time they are 
variable in size, the smaller being at the ends of the myoblast, where they 
grade off imperceptibly until they are no longer visible with the most 
efficient lenses. | 

This unequal rate of yolk absorption gives rise, as depicted in Figs. 
1 and 2, to clearer zones at either end of the myoblast. A close study 
cf these clearer ends, after osmic acid fixation, reveals the presence of 
a more or less distinct longitudinal fibrillation (Fig. 1). These cyto- 
plasmic striations are more obvious on the notochordal side of the myo- 
blast, and in many cases converge towards that side at the level of the 
inner margin of the clear zone. Whether these strize are homogeneous 
or finely granular cannot be determined, since their structural analysis 
is beyond the definition of the best optical apparatus. In position and 
arrangement they correspond so closely to the fibrille, which are plainly 
defined in the stages immediately following, that one does not hesitate 
to assume that they are undifferentiated fibrille. Little is known of 
their origin. They may differentiate in sitw, or they may represent lines 
of granules which, earlier scattered, have now become arranged in linear 


series. If the fibrille are first formed at the free ends of the myoblasts 


instead of along the side, as is usually held, the process of fibrillation 
would be quite in accord with the generally accepted theories of cellular 
differentiation (cf. E. B. Wilson, 96, 40). 

The nuclei of the myoblasts lie at different levels as shown in Fig. 1. 
In form they vary from the oval to the obtusely oval represented in Plate | 
II, Fig. 14. Their average length as determined by many measure- 


_ ments is about 33 p and their average width 10 ». ‘There are no indica- 


tions of a paired arrangement; indeed they rarely lie opposite. Numer- 
ous mitotic figures are seen, but their spindles are always parallel with 
the long axis of the myoblast. It is thus obvious that neither in the posi- 


3] have used the term cutis plate for convenience in designating the outer 
layer of the primitive myotome, but I do not wish to imply or express an 
opinion as to the fate of the cells of this layer. 
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tion of the nuclei nor in their plane of division does one find evidence 
of a longitudinal splitting of the myoblast. 

The following description of the nuclear structures* is based upon 
the study of the nuclei both in teased preparations and in series of trans- 
verse sections. ; 

The nuclear membrane (n. m.) is here and there obscured by a layer 
of karyosomes (Plate II, Figs. 21, 22, 25, 26), but is in general well 
defined. In places the cytoplasmic reticulum appears as threads ter- 
minating in the membrane. 

The linin network (/) is of fairly uniform character in all the prepa- 
rations. The large open spaces seen in some of the sections (Figs. 18, 
21, etc.) are artifacts due to imperfect cutting. The threads of this 
delicate network pass into the nuclear membrane, but I have been unable 
to find any indications of a continuity between them and the cytoplasmic 
reticulum; the latter is not only poorly defined, but also less deeply 
stained by nuclear dyes, leading one to regard the linin network and 
cytoplasmic reticulum as fundamentally different. 

Three or four plasmosomes (p/.) are usually present in each nucleus. 
They are rarely found at the periphery, but otherwise show no constancy 
in position ; they are usually spherical, fairly uniform in size, surrounded 
by a sheath of deeply staining granules, but themselves possess only 
shght affinity for nuclear stains. 

The karyosomes (/y.) shown in Plate II are numerous and variously 
distributed in the different nuclei. In many there is a peripheral zone 
which is comparatively free from these structures. In some there is no 
particular arrangement with reference either to periphery or axis. They 
are usually irregular in form and size, with numerous processes which ex- 
tend along the linin threads and form anastomoses with adjoining karyo- 
somes. 

Necturus 7-8 mm.—As development proceeds, the clear zones at either 
end of the myoblast become wider, owing to the continued absorption of 
the yolk granules, and one is thereby enabled to make out more definitely 
the relation of the striated or fibrillated tract to the other portions of the 
cell. The fibrille have extended farther along the notochordal side of 
the cell and appear as represented in Fig. 4, Plate I, being grouped in 
brush-like form with the point of convergence (a) at the level of the 
inner margin of the clear zone (c. z.). I have repeatedly looked for 
centrosomes at the points of convergence, but without success. The 


*In describing the changes in nuclear structures I have adopted the ter- 
minology used by E. B. Wilson. 96. 
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fibrillz do not as yet show any indications of transverse bands or mark- 
ings. - 

Necturus 8-9 mm.—This stage, which is well illustrated by Fig. 8, 
shows an extension of the fibrillated tract. The apparent apex of the 
cone or brush is not far removed from the place at which it was located 
in the preceding stage. The converging fibrille, however, no longer ter- 
minate here, but continue in a closely aggregated bundle or tract through- 
out the length of the myoblast, and again spread out into a similar brush 
or cone at the opposite end. ‘To make the description more complete, it 
should be remarked that at each end of the myoblast a conical group of 
fibrille is formed and these extend from either end towards the middle 
until they meet and form a continuous tract. Where a considerable num- 
ber of the fibrille are close together, as represented in Fig. 8, the trans- 
verse markings are now plainly seen, but as they spread out in small 
eroups or singly, these markings are more obscure and are indicated only 
in the moniliform outline of the fibril. 

This peculiar arrangement of the fibrillee, in the myoblasts of Necturus, 
is similar to that described and figured by Heidenhain in the fibrillation 
of the ciated cells in the hepatic ducts of Helix and in the intestinal epi- 
thelium of the frog, where the fibrille take on a conical arrangement 
with their apices on one side of the cell. An almost identical arrange- 
ment of the fibrille has been found by Godlewski, 02, in the myoblasts 
of the rabbit, in which form he states that the fibrille of one myoblast 
extend over into the myoblast of an adjoining myotome. This relation 
I can positively say does not exist in Necturus. 

Necturus 9-10 mm.—The myotomes in the post-aural region have now 
reached a length of about 0.4 mm. and present the general appearance 
shown in Plate I, Fig. 2. The clear zones at either end of the myoblast 
are wider; the fibrillated tracts are considerably increased in diameter, 
and the notochordal sides of the myoblasts are better defined. In the sec- 
tions it is not difficult to trace the outlines of the myoblasts from one 
end of the myotome to the other and to see that now, as in the earlier 
stages, the ends of the myoblasts in adjoining myotomes are frequently 
connected by cytoplasmic strands. 

Transverse sections of the myotome at this time show a well-defined 
cell membrane which in teased preparations is usually ruptured. ~ Since 
there are as yet no mesenchymal cells, either between the ends of the 
myotomes or among the myoblasts, this membrane must represent what- 
ever sarcolemma the myoblast now possesses. 

Necturus 12 mm.—Previous to this time there is no indication of the 
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formation of the septa and endomysium, but the beginnings are now 
indicated by the migration of a large number of mesenchymal cells into 
the spaces between the ends of the adjoining myotomes, as shown in 
Fig. 3 (mes.). These cells emanate from ‘two sources: the greater num- 
ber are derived from the peripheral mesenchyme; in addition to these a 
considerable number come from the axial mesenchyme, as described by 
Maurer, 92, in Siredon. These cells not only give rise to the septa, but 
also wander in among the myoblasts and eventually invest each myoblast 
with a more or less complete sheath of connective tissue which forms a 
part of the sarcolemma or becomes intimately associated with it. 

Many karyokinetic figures are now observed in and among the muscle 
fibres; these are in part those of the mesenchymal cells, and may have 
their spindles in almost any plane. It is therefore necessary to use con- 
siderable care in the interpretation of the various figures lest they be con- 
fused with the nuclei of the myoblasts, in which the planes of division 
are always parallel with the long axis of the cell. 

Through the absorption of the yolk, the character of the cyto-retic- 
ulum is now clearly revealed, so that its relation to the fibrille is more 
readily determined. Various methods have been employed to bring this 
reticulum into prominence, especially Kolossow’s osmic acid method. 
The meshes of the reticulum, as shown in Fig. 9, are exceedingly variable, 
and bear no fixed relation either in form or size to the fibrille. 

The structure of the nuclei at this time is not widely different from 
that described and figured in the 6-7 mm. embryo. Since the changes 
taking place are more pronounced in the 15-17 mm. larve, their further 
description is here unnecessary. 

Necturus 15-17 mm.—The myotome, which has now (Fig. 6) attained 
a length of about 0.5 mm., appears quite unlike that of the earlier stages. 
This change has been brought about by the continued invasion of mesen- 
chymal cells. These cells have sent out long cytoplasmic processes which 
have so intertwined that they form a distinct connective-tissue sep- 
tum (s). In the earlier stages these mesenchymal cells contained large 
nuclei with a small quantity of cytoplasm and were actively migratory; 
they now contain small nuclei with greatly elongated cytoplasmic pro- 
cesses and are no longer migratory. With little difficulty one can follow 
all the intermediate stages and see that the connective-tissue fibrils are 
the elongated cytoplasmic processes of the previously wandering cells. 
The yolk granules have been rapidly absorbed, until but few are present 
in the cytoplasm. Pari passu with the absorption of the yolk the 
fibrille have greatly increased in number, as shown in Fig. 11, so that 
one-half or more of the cell is fibrillated. 
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Transverse sections show that the bases of the so-called brushes or 
cones may take on different forms, as represented in Fig. 11. In this 
figure the two myoblasts on the right exhibit the patterns often found, 
while the three on the left represent forms less frequently seen. The 
condition pictured in the lowest myoblast might lead to the supposition 
that there is a peripheral band of fibrille, but in all cases of this kind 
the study of serial sections shows that the fibrillee converge on the noto- 
chordal side of the myoblast. 

If a transverse section through the end of a given myoblast be com- 
pared with a like section through its middle, it will be found that the 
number of fibrille in the former is greatly in excess of those in the latter. 
This fact is in harmony with the assumption that the fibrille increase in 
number through longitudinal division. 

The nuclei have increased in number until four and often five are 
found in each myoblast. Transverse sections of this stage show that 
they no longer occupy an axial position, but are eccentrically placed, 
often lying close against the outer side of the myoblast, in a position 
intermediate between that shown in Figs. 11 and 12. The nuclei have 
a somewhat different outline from those of the early stages, in that they 
are longer and more pointed, as shown in Plate III, Fig. 27. The 
nuclear membrane in many nuclei is lined by a layer of karyosomes, 
which is so closely applied to the membrane as to appear inseparable 
from it. The meshes of the linin network are larger, with a noticeable 
increase in the diameter of the threads. The plasmomeres have decreased 
in number, and in many nuclei have disappeared entirely. | 

The karyosomes are in general more numerous and larger than in any 
of the earlier stages. They are irregularly scattered throughout the 
nucleus, and vary in form from round to elongated masses with numer- 
ous processes extending along the linin threads. In some cases they are 
arranged in two or three irregular rows which extend, in a general way, 
parallel with the long axis of the nucleus. Frequently there is found a 
nucleus with a marked axial aggregation of karyosomes, but in the 
greater number there is a tendency towards a peripheral condensation. 

Necturus 21-26 mm.—In the larve of these lengths the myotomes 
measure about 0.6 mm. and show a corresponding increase in diameter. 
The myoblasts are not notably different in general character from those 
of the preceding stages. 

The peculiar arrangement of the yolk granules observed at this time 
(Fig. 7) leads me to remark that in the early stages the myoblasts pos- 
sess an enormous number of large yolk spheres which often equal the 
nucleus in size. As development proceeds these spheres become broken 
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up into smaller spheres, which are gradually absorbed. This process 
continues, until in the 21 mm. stage, the spheres or granules that 
remain are very minute and often arranged in rows. If the 26 mm. 
stage be examined after osmic acid fixation these blackened granules 
stand out with great clearness. They are now disposed in regular linear 
series and in correspondence with the transverse markings. ‘These gran- 
ules frequently lie at the surface of the myoblast and again within; often 
they terminate at the ends of a nucleus, appearing as if in continuity 
with the nuclear substance. 

Similar structures have been repeatedly described in adult muscle 
cells of various amphibia. By Kolliker, 57, they were considered as a 
third normal element of the muscle cell. Max Schulze, 61, regarded 
them as an undifferentiated portion of the primitive protoplasm; while 
Weber, 74, and van Gehuchten, 89, concluded that they were patho- 
logical structures. I have not found these structures in the adult fibre 
of Necturus. Their structure and arrangement in the late larval stages 
have suggested that possibly there is a close relation between them and 
the problematic structures described by others in the adult fibres. 

The nuclei lie at the periphery of the myoblast, and for the most part 
on the cutis side (Plate I, Fig. 12). In general form they are somewhat 
longer than in the earlier stages, attaining an average length of about 
47 w and a width of 10 »; they are also more or less flattened, as shown 
in Plate III, Figs. 28-39, thereby bringing a much greater extent of 
nuclear surface in contact with the cytoplasm. 

The profile view and transverse sections represented in Plate III show 
that the nuclear membrane (n. m.) is more completely obscured by the 
peripheral layer of karyosomes than in the earlier stages. 

The linin network (/) has undergone striking changes in character. 
It is greatly decreased in quantity; its threads are coarser, more regular, 
and in general radially disposed. 

One of the most striking changes is the entire disappearance of plasmo- 
somes which are present in both the earlier and later stages. 

The karyosomes, as shown in Plate III, Figs. 27-39, are arranged in 
a more definite manner than in the preceding stage, being usually so 
grouped that they form an irregular axial mass and a wide peripheral 
band. Those in the axial mass are larger than those at the periphery 
and are most frequently so disposed that their long axes are parallel with 
the long axis of the nucleus. Those at the periphery are so closely ap- 
posed that they give rise to an apparently continuous band, but this peri- 
pheral band, instead of being of uniform width, is much thicker on the 
side next the fibrillee. 
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It is important to note that the type of nucleus above described is 
most frequently found, in the 26 mm. stage, at the upper and lower mar- 
gins of the myotome. The myoblasts in these localities are less densely 
fibrillated than elsewhere and are to be considered, as many writers have 
maintained, the more recently formed myoblasts. 
muscle segments, and consequently muscle cells, measure 4.0 em. The 
area of their transverse section is greatly increased as a comparison of 


Necturus, 23 cm. (adult).—In the adult of this length the cephalic 


Figs. 12 and 13 will clearly show. The cells are separated by a rela- 
tively large quantity of connective tissue or endomysium. The muscle 
cells in transverse sections present somewhat different appearances; in 
those more frequently observed (Plate I, Fig. 13), the fibrille appear 
evenly distributed and have a considerable sarcoplasm among them; the 
less common appearance is that seen in the contracted muscle cells, in 
which the fibrille are more closely apposed, giving to the cell a denser 
appearance. 

The nuclei have again shifted their position. They are no longer 
situated at the periphery of the cell, as in the 26 mm. stage, but are, for 
the most part, evenly scattered throughout the sarcoplasm, as shown in 
Fig. 13. They have also changed somewhat in form, being longer, 
wider, and flatter. The most striking difference seen when the nuclei 
of the early and adult stages are compared is the faint staining of the 
latter. 

The description of the nuclear structures, as shown in Plate IV, is 
based upon the study of both isolated nuclei and series of transverse 
sections. A series of transverse sections of an adult nucleus is represented 
in Figs. 42-61. In structure this nucleus is typical, but in form it is less 
flattened than usual. The nuclear membrane is visible throughout the 
greater portion of its extent with small karyosomes occasionally in con- 
tact with it. In some sections, such as shown in Figs. 50, 51, there 
appears to be a wide layer of karyosomes lying against the membrane. 
But it will be shown later that this apparent band is in reality due to an 
infolding of the membrane. I was at first unable to account for these 
peculiar appearances, which were never seen in profile views (Fig. 41) ; 
however, it was later observed that these nuclei are always found in 
fibres which appear much denser in internal structure. This appear- 
ance is due to the contraction of the fibrille, which increase in diameter 
and become closely apposed. Through the pressure thus brought about 
the nuclei become deeply serrated, and when viewed from the end or 
m transverse section this infolding of the membrane produces the effect 
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shown in transverse section. These surface serrations were first observed 
by Weber, 74, 489, in the nuclei of the muscle fibres of the frog and 
correctly interpreted as the result of pressure from the muscle fibrille. 

I was later gratified to find that Macallum, 87, had previously studied 
the nuclear membrane in these particular nuclei. The nuclei were 
isolated from the muscle fibre of the adult Necturus by macerating in 
formic acid and then stained in gold chloride. By this method Macallum 
was able to demonstrate both a longitudinal and a transverse striation of 
the nuclear membrane, which he attributed to the pressure of the fibrille. 

The linin network is seen more distinctly in transverse sections (Figs. 
42-60) than in the profile. Its meshes are smaller than in the 17-26 mm. 
stages; in some sections large, irregular meshes are seen (Figs. 48, 55, 
58), which are due to the rupture of a number of threads during prepa- 
ration. The threads are finer than in the 17-26 mm. stages and show 
decidedly less affinity for chromatic stains. Macallum says that “ there is 
in some nuclei a reticulum like in every respect to that found in muscle 
substance.” My studies, however, lead to the conclusion that the net- 
work in the nucleus is entirely independent of that in the cytoplasm. 

Plasmosomes are always present, but in general are fewer than in the 
6-15 mm. stages; most frequently they are distributed somewhat as in 
Fig. 41. There is no marked sheath of chromatic granules around them 
and their staining capacity is notably less than in the earlier stages. 

The karyosomes, as shown in the various figures in Plate IV, are re- 
markably few in number when compared with any of the preceding 
stages; they are smaller, usually lie within the membrane, rarely if ever 
uniting in a peripheral band. The most striking difference is their slight 
affinity for nuclear stains. Macallum found many nuclei in which there 
was no chromatin. Although I have made a careful examination of a 
very large number of nuclei, I have never found one in which there was 
no chromatin; it seems quite probable, however, that such may occur. 
At any rate the important fact should be emphasized that one of the most 
striking characters of the old nuclei is a great reduction in the amount 
of chromatin. 


GENERAL DISCUSSION OF VARIOUS PROBLEMS IN MYOGENESIS. 
A. CONCERNING THE MYOBLASTS AS A WHOLE. 


ITS UNICELLULAR CHARACTER. METHOD OF INCREASE IN NUMBER AND 
SIZE OF THE FIBRES. THE SARCOLEMMA. 


The revival by Godlewski of the older theory that the muscle fibre is 
a multicellular structure, as first formulated by Valentine and Schwann, 
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is based first upon the fact that in the rabbit embryo there are cytoplasmic 
bridges between the ends of the myoblasts of the adjoining myomeres, 
and secondly upon the observation on the continuity of the fibrille 
through these bridges. 

In the stages of Necturus immediately preceding the differentiation 
of myoblasts there are numerous anastomosing cytoplasmic processes 
among the mesothelial cells, indicative of a widely extending syncytium. 
When the myoblasts can be distinguished by their cylindrical outlines, 
they are heavily laden with yolk granules, yet it is not difficult to find, 
in carefully teased preparations, cytoplasmic strands connecting the ends 
of these myoblasts. As soon as the yolk is absorbed in the ends of these 
myoblasts (6-8 mm. embryo) the connecting strands are more clearly 
defined in both teased preparations and longitudinal sections. From 
this stage up to the 10 mm. embryo, when the mesenchyme has grown in 
to form the septa, cytoplasmic continuity between the ends of the 
myoblasts is frequently observed. After the septa are formed and the 
myoblasts fibrillated (17-26 mm.), I have been unable to trace their 
continuity. 

While there is a more or less complete syncytium of the myoblasts in 
the early stages, there is no evidence whatever in Necturus to support 
Godlewski’s view that the muscle fibre is formed through an end-to-end 
union of the myoblasts in adjoining myotomes. Indeed, strong evi- 
dence against this view is found in the fact that in each of the closely 
connected stages, from the formation of the myoblasts up to and includ- 
ing the 26 mm. larva, the myoblasts may be easily isolated. Exact 
measurements show that the length of each corresponds precisely to the 
length of the myotome from which it was taken. There is not the 
shghtest evidence that the fibrille of one myoblast are continued into 
another myoblast. | 

As to the mode of increase in the number of fibres, I think it can safely be 
asserted that tlte majority of investigators believe that it is by the differen- 
tiation of new myoblasts around the margin of the myotome. It was 
claimed by Kiihne, 71, Goette, 75, Bremer, 83, Kolliker, 88, and others, 
that the increase takes place not only in this way, but also by the post- 
embryonic formation of inter-muscular spindles. The later investiga- 
tions, however, indicate that these are the endings of sensory nerves. 
The sarcoplasts, which were considered by Margo, 59, and Paneth, 85, as 
embryonic muscle cells, have later been interpreted by Felix, 88, S. 
Meyer, 86, Bardeen, 00, Godlewski, 02, and others, as degeneration pro- 
ducts. Others have held that the fibres increase in number through 


296 Changes in the Muscle Cell of Necturus 


longitudinal splitting; this was advocated first by Remak, 43, and more 
recently by Felix, 88, and Godlewski, 02. 

In Necturus the increase in the number of muscle cells in the post- 
aural myotomes proceeds at about the following rate: In the embryo of 
10 mm. there are about 50 muscle cells; in the 15 mm., 150; in the 21 
mm., 500; in the 26 mm., 1500. During these phases of rapid increase 
the cells have been carefully and repeatedly examined with a view of 
finding out whether or not a longitudinal splitting occurs. In no in- 
stance have I found a myoblast undergoing division, nor have I found, 
either in the position of the nuclei or in their direction of division, 
any evidence that they participate in the division of the myoblasts. 

The increase in number is most pronounced at the dorsal and ventral 
margins of the myotomes, yet new myoblasts are being formed on both 
the lateral surfaces. The addition of new myoblasts is continued long 
after the earlier formed muscle cells are fibrillated; in this respect the 
condition in Necturus differs somewhat from that described by Mac- 
Callum in the pig and man, in which the increase in the number of fibres 
ceases at the time the first-formed myoblasts are fibrillated. The sole 
method of increase between the 10 mm. and 26 mm. larva, so far as I 
have been able to observe, is by the differentiation of new myoblasts 
around the periphery of the myotome. 

Regarding the increase in size of the muscle cell, want of material pre- 
cludes more than a preliminary statement. Up to and including the 
26 mm. larva, there are no indications that an increase in size is brought 
about through the lateral fusion of the myoblasts which, according to 
Godlewski, does occur in the rabbit. The increase in size appears to be 
due to the continued formation of the fibrille. As pointed out in a 
preceding page, careful counts show that the number of fibrillee in the 
ends of the myoblasts is greatly in excess of the number at the middle of 
the myoblasts. That this is due to a longitudinal splitting rather than 
new formation is supported by the fact that teased preparations show 
many fibrille divided along a portion of their extent. Again, if new 
formation plays any considerable part there would be found short fibrillz 
without transverse markings, but such are not found. From these 
observations, I am led to believe with Apathy, 92, Maurer, 94, and 
Heidenhain, gg, that the increase in number of fibrille is due to growth 
and longitudinal division. 

Since its discovery by Valentine the sarcolemma has been the subject 
of repeated study. While much has been written there is as yet the widest 
divergence of opinion. Schneider, 87, says it is an artifact. Wage- 
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ner, 69, considered it a sheath of connective tissue. Deiters. 61, Bremer, 
83, and others, have regarded it as a cuticularized portion of the cell. 
F. E. Schulze, 62, Kolliker, 88, and others, maintain that it is the cell- 
membrane. 

The cell-membrane is easily distinguished up to the time the mesen- 
chyme grows in and becomes closely applied to it. Hither the cell- 
membrane is the sarcolemma or the cell possesses no sarcolemma in its 
earlier stages. 

In the later stages one frequently finds the myoblasts so contracted 
that their ends have drawn away from one or both septa. In such cases 
the endomysium and sarcolemma remain attached to the septa, and it is 
not difficult to discern two entirely different structures; the outer, a 
fibrous sheath made up of several layers; the inner, a delicate mem- 
branous sheath which, I believe should be considered as the sarcolemma. 


B. CHANGES IN THE CYTOPLASM OF THE MYOBLAST. 


CHARACTER OF FIBRILLZ. METHOD OF FIBRILLATION. CHARACTER OF 
CYTO-RETICULUM. RELATION OF FIBRILL© TO CYTO-RETICULUM. 


Many and varied have been the hypotheses offered to explain the 
formation and structure of the fibrille. By some of the earlier writers 
(Deiters, Rouget) they were regarded as extra-cellular products. So far 
as I am aware no one would now question the generally accepted opinion 
that they are intra-cellular and are formed in the cytoplasm. It should 
not be forgotten, however, that Robin held that they arise from the free 
ends of the nuclei by a process of gemmation, a view which was later 
supported by both Retzius, 81, and Bremer, 83. 

As to the nature of the fibrille, there are at least two current views. 
The first is that in the normal fibres there is neither cyto-reticulum nor 
fibrille, these apparent structures found in the fixed tissue being coagu- 
lation products. This view was ably advocated by Englemann, 70 to 80, 
and has since been supported by many physiologists. The second is that 
there are differentiated structures, network or fibrille, or both, in the 
living myoblasts. The latter view is that accepted by the greater num- 
ber of histologists. 

The so-called “ network theory ” took its remote origin from the dis- 
covery by Bowman, 41, that the muscle fibre could be cleft both longi- 
tudinally and transversely, giving rise to the sarcous elements. Jones, 
44, and Dobie, 48, held that these elements were united end to end by a 
cementing substance, while others claimed the existence of a like substance 
between the sides of the sarcous elements. Thus modified the theory 
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was accepted by a great number of workers, among whom were: Remak, 
43, Harting, 54, Haeckel, 57, Munk, 59, Margo, 59, and Krause, 68. 
A decided advance was made when Thin, 76, found that after gold 
chloride staining the cementing substance of the earlier writers was 
revealed as a network which Thin considered the contractile part of the 
muscle-cell. This theory was elaborated by Retzius, 81, Bremer, 83, 
Carnoy, 84, Melland, 85, Marshall, 87 and go, van Gehuchten, 88, and 
Ramon y Cajal, 88, all of whom maintained that the muscle cell contains 
a contractile reticulum, the meshes of which were filled with a more 
fiuid substance. By some the longitudinal threads of this network were 
interpreted as fibrille. Others held that the fluid substance in the 
meshes of the reticulum coagulated through the action of various agents 
and thus formed the fibrille. 

The fibrillar theory was established through the early investigations 
of Prevost and Dumas, Treviranus and Berres, who regarded the fibril 
as homogeneous structures. The theory was supported by Schwann, 39, 
Henle, 41, Gerlach, 48, Kélliker, 50 to 00, and others. During recent 
years it has received further support through the investigations of 
Rollet, 85 to 91, Eimer, 92, Schifer, 91, Rutherford, 97, McDougall, 97, 
Heidenhain, 99, and Godlewski, 02, all of whom regard the fibrille as 
the contractile elements and as arising independently of the cyto-reticu- 
lum. As to the exact nature of the fibril, however, there are different 
opinions. Rollet, Heidenhain and Godlewski consider the fibril as a 
semifluid homogeneous structure, while Schafer, McDougall and others 
regard it as regularly segmented and hollow in certain portions. 

A potent argument against the coagulation hypothesis is the fact that 
the fibrille have been repeatedly observed in the living fibre. Sachs, 72, 
and Wagener, 73, observed them in the wing-muscles of insects; Kiefer- 
stein, 59, and Kolliker, 66, in petromyzon; Hensen, 68, and many others 
in the frog; Frederique, 75, in mammals. 

I have repeatedly observed the fibrille in the living muscle cells of 
the larval Necturus. A study of the fresh material in normal solutions 
shows that the fibrillated portion of the cell is of the same extent as in 
the fixed and stained material. Not only is this true of the different 
stages of growth, but furthermore, in the same embryo, one can readily 
follow the decreasing diameters of the fibrillated tracts from the mid- 
dorsal to the caudal myotomes. A point of capital importance is found 
in the fact that in Necturus, Amia, Lepidosteus, as my own observations 
show, and in other forms, as Kaestner, 92, has found, the beginning of 
fibrillation is coincident with the first contractions. The movements of 
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the embryo first begin in the anterior of the mid-dorsal myotomes and 
in these the myoblasts are first fibrillated. The above considerations 
lead the writer to support the theory that the fibrille are pre-existent 
structures and represent the principal contractile elements. 


MacCallum, 98, has found that in the myoblasts of pig and of man there 
is a primitive cytoplasmic reticulum, the meshes of which later assume 
a regular form; the transverse membranes of this meshwork eventually 
form the so-called Krause’s membranes, while the longitudinal give rise 
to the fibrille. I quote the author’s words (p. 211): “It simplifies 
the conception of the structure of striated muscle fibre greatly, to con- 
sider the fibril bundles and the membranes bounding the compartments 
in the sarcoplasm as derived from the primitive network found in the 
riuscle cells of very young embryos” (p. 209). “This network tends 
to become more and more regular until the meshes are of the form of 
‘large discs. Some of these break up into smaller ones, and in the nodal 
points of the network there is an accumulation or differentiation of its 
substance, giving rise to longitudinally disposed masses. These become 
what in the adult are known as fibril bundles and the dises are the sarco- 
plasmic discs.” 

While MacCallum’s theory is exceedingly ingenious and strongly ap- 
peals to those who would reconcile the network .and fibrillar theories, I 
cannot see, at present, how it will explain the facts observed in the 
fibrillation of the muscle cell of Necturus. 


In the study of the muscle cell of Necturus I have been unable to find 
any evidence of a definite or fixed relation between the cytoplasmic net- 
work and the fibrille. It seems highly improbable that the longitudinal 
threads or membranes of such a meshwork should converge at the noto- 
chordal side of the myoblasts, which would be necessary if the fibrille 
differentiated in its meshes. Further, in conformity with the subdivision 
of the muscle columns, the meshes must become progressively smaller 
towards the end of the myoblasts, as a result of their repeated subdivision. 
Even were this true, a further difficulty is encountered in the fact that 
the cytoplasmic reticulum yaries widely in the different myoblasts, and 
in different portions of the same myoblast. Another serious objection 
is the fact that the fibrille are unstriated for some time after their first 
appearance. My observations agree with the views already expressed 
by Wagner, 69, Rabl, 97, and Bardeen, oo, all of whom maintain that 
the fibrille are at first without transverse markings. Further, it should 
be borne in mind that some of the most recent investigators (Godlewski, 
02) have been unable to find any evidence of such a network in the mam- 
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malian embryo. In view of the above facts I am led to the conclusion 
that the fibrille in the myoblasts of Necturus bear no fixed or definite 
relation to the cytoreticulum. 


C. CHANGES IN NUCLEI oF MUSCLE CELL WITH REFERENCE TO CHANGES 
IN CYTOPLASM. 


RELATIVE VOLUMES OF NUCLEAR AND CYTOPLASMIC MATERIAL. MOVE- 
MENTS OF NUCLEI WITH REFERENCE TO AREAS OF CYTOPLASMIC 
ACTIVITY. CHANGES IN STRUCTURE OF NUCLEI. 


It is necessary to know the average sizes of the nuclei in the successive 
stages of development before a comparison of the volumetric relations of 
nuclear and cytoplasmic material can be made. The measurements given 
in the following table were made from nuclei in teased fibres. Although 
but ten measurements are recorded, these are typical of a much more 
extended series. : 


7mm. 10 mm. 17 mm. 26 mm. 23 cm. 

a ar Pane EI — —— ———n 

i 30 12 35 10 43 10 56 10 53 {6 
2 30 10 35 lal 45 8 36 15 65 9 
3 28 10 32 13 49 10 45 12 70 9 
4 35 10 28 9 42 9 42 ila 49 10 
5 30 13 37 12 48 8 46 8 62 11 
6 25 9 ol ial 46 if 40 10 56 10 
7 33 8 3 12 42 8 it 11 60 5 
8 30 9 28 13 44 i 54 3 52 7 
9 37 iil 37 13 48 10 ot 9 40 6 
10. 30 12 30 14 44 9 58 9 56 8 


33.1 10.4 igs) OLS 45.1 8.6 47.3 10.8 56.3 8.2 


The numerals at the left represent the serial number of the nucleus meas- 
ured. The numbers in millimeters above the columns give the lengths of 
the embryos compared. The first column shows the length of the nucleus 
in microns; the second the width. The numerals below these columns ex- 
press the average length and width of the nuclei in the respective embryos. 


Since the nuclei are irregular in outline any estimate of their volumes 
must be subject to considerable error. It will be seen by glancing at 
the above table that the nuclei in the successive stages increase in length, 
but that this is counterbalanced to a certain extent by a decrease in diam- 
eter. It has therefore been thought best to consider the nuclei as 
uniform in size and as representing a unit of volume. In computing 
the volume of the cytoplasm the cells have been isolated and their lengths 
and diameters measured. Although they are not of uniform diameter 
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throughout, nor always cylindrical, it has been assumed that they repre- 
sent perfect cylinders. The results obtained will be far from exact, yet 
they must represent approximately the relative conditions. Moreover, 
it may be said that no other cells in the body are more regular or admit 
of more precise measurement. In determining the relative volume of 
cytoplasmic to nuclear material I have used the following formula: 


Radius? x 3.1416 x Length of muscle cell Ratio of cytoplasmic volume to 
é a. nuclear volume. 


Number of nuclei 


8 mm. Emoryo. 


Length of Diam. of No. of nuclei Amount of cytoplasm 
muscle cell. muscle cell. in muscle cell. (incu.mm.) per nucleus. 
0.4 mm. .01 mm. i .00003141 
0.4 mm. .O1 mm. 2. .00001570 
0.35 mm. 01 mm. i. -00002748 
0.38 mm. .O1 mm. if- .00002985 
0.4 mm. .01 mm. il. 00003141 


17 mm. Emobryo. 


0.5 mm. .02 mm. Bh -00005236 
0.5 mm. .02 mm. 4. .00003927 
0.5 mm. .01 mm. 2. .00001964 
0.4 mm. .02 mm. 3 .00004180 
0.4 mm. .02 mm. 2. .00006283 
26 mm. Emoryo. 
0.6 mm. .04 mm. 8. -00009424 
0.6 mm. .02 mm. 3. .00006283 
0.6 mm. .04 mm. >: -00008377 
0.5 mm. .04 mm. 8. .00007854 
0.5 mm. .06 mm. allay, -00009424 
23 cm. Adult. 
3.6 mm. 12 mm. 170. .00023925 
4.0 mm. 15 mm. 200. .000353438 
4.2 mm. 10 mm. 160. .00020616 
2.5 mm. .08 mm. 100. .00012566 
4.0 mm. 10 mm. 150. .00020944 


The above computations show interesting changes in the relative vol- 
umes of cytoplasmic and nuclear material during growth. In the 8 mm. 
embryo a unit of nuclear material is correlated with two to three units 
of cytoplasm ; in the 17-26 mm. embryo with five to seven units of cyto- 
plasm; in the adult with twenty to thirty units of cytoplasm. In other 
words, as the embryo approaches the adult condition there is a progres- 
Sive increase in the amount of cytoplasmic material with the end result 
that there is twenty to thirty times as much cytoplasm in physiological 
equilibrium with a given quantity of nuclear material as in the earlier 
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stages. Minot, in 1890, called attention to this feature of cell life in the 
iollowing words: “In aJl the principal tissues of the body we meet 
everywhere the same phenomenon of growth,namely,that with the increas- 
ing development of the organism and its advance in age we find an 
increase in the amount of protoplasm. We see that there is a certain 
antithesis, we might almost say a struggle for supremacy, between the 
nucleus and protoplasm. 

“We have then to state, as the general result of the studies which we 
have just made, that the most characteristic peculiarity of advancing age 
of increasing development, is the growth of protoplasm; the possession 
of a large relative quantity of protoplasm is a sign of age.” 

Whether this disparity in the muscle cell is due entirely to an increase 
in the amount of cytoplasm, or whether there is in the later stages a 
reduction in the amount of nuclear material, is uncertain. Bowman, 
as early as 1844, said: “It is doubtful whether the identical corpuscles 
(nuclei) originally present remain through life, or whether successive 
crops advance and decay during the progress of growth and nutrition.” 
JXaestner, go, 6, found that the nuclei in the muscle cells of the duck 
elongate, become smaller and smaller until finally, in a very late stage, 
they disappear. Maurer, 94, 580, states that the muscle nuclei in Sire- 
don occupy at first a central position, later a part of them migrate to the 
periphery, but those remaining undergo degeneration and disappear. 

While I have found no evidence of complete disintegration of the 
nuclei, I am unable to say that it does not occur. The fact that in the 
older stages the nuclei possess but little chromatin suggests that com- 
plete chromatolysis may occur. 


It has long been known that the nuclei of the muscle cell undergo 
striking changes in position during growth, but the meaning of these 
movements has been scarcely considered. The only suggestion which 
merits quoting is that by MacCallum, 98, 211, who finds that in the human 
embryo of 130-170 mm. the muscle fibres stop increasing in number and 
that at this time the nuclei change in character from the vesicular, 
centrally disposed, to the solid, peripherally placed, nuclei. MacCallum 
- suggests that there is possibly a relation between the position of the 
nuclei and the power of the cells to produce new fibres. 


As pointed out in the descriptive portion of this paper, the nuclei 
occupy an axial position at the time the first fibrille are formed; as the 
differentiation of fibrille continues, from the inner toward the outer side 
of the cell, there is a corresponding movement of the nuclei toward the 
outer side. When the cell is completely filled with fibrille the nuclei 
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are found, almost without exception, on the outer side of the cell. In 
the adult fibres the nuclei are no longer found exclusively at the peri- 
phery, but are scattered throughout the sarcoplasm and show no definite 
arrangement either with reference to the planes of the animal or to the 
axis or periphery of the cell itself. Why these nuclei come to lie within 
the muscle cell is unknown. It is possible that with the continued 
growth of the fibre their sphere of activity becomes too far removed from 
that of cytoplasmic activity, necessitating a redistribution of nuclear 
material. 

The nucleus thus undergoes a series of striking changes in position 
which correspond to, if they are not correlated with, the shifting areas of 
cytoplasmic activity. It is possible that the movement of the nucleus 
from the axis of the cell to the periphery is the result of mechanical 
factors, in that the continued formation of fibrille from the inner toward 
the outer side of the cell would cause a corresponding displacement of 
the nucleus. To account for their later position among the fibrille 
through the influence of mechanical factors is exceedingly difficult, but 
becomes intelligible if we regard the moyements as of physiological 
significance. 

There are many observations which seem to show conclusively a physio- 
logical correlation between nuclear movements and cytoplasmic activity. 
The most familiar instances are found in the various gland cells to which 
nearly all histologists have called attention. In other animal cells the 
same phenomena have been observed. I need but cite here the work of 
Korschelt, 89, who found that in the ovarian eggs of a large number of 
insects the nucleus moves toward the locality at which the egg receives 
its nutriment and which must be interpreted as the area in which the 
cytoplasmic activity is greatest. Some striking instances of hke move- 
ments are to be found among plants. Haberlandt, 87, from an extended 
study of nuclear movements, concludes that the nucleus moves to the 
area of greatest cytoplasmic activity, where it remains until the period 
of local activity ceases, when it returns to its original position. A beau- 
tiful illustration is found in the growth of epidermal hairs. In the root 
hairs, where the growth is terminal, the nuclei are found at the ends of 
the cells, but in the aérial hairs, where the growth takes place at the 
base, the nuclei are found at the base of the cells. Tangl, 84, observed 
that in the scales of Allium sepa the nuclei always gather at the points 
where the cells have been injured. The same movements were observed in 
Vaucheria by Haberlandt, showing that in regeneration the nuclei like- 
wise migrate to the areas of accelerated cytoplasmic activity. 
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These and many other observations indicate that the position of the 
nucleus in the muscle cell, as in other cells, is not one of an accidental 
character, but one brought about through a precise physiological correla- 
tion of cytoplasmic and nuclear activities. 

The changes in the structure of the nuclei may be summarized best by 
considering separately the various nuclear elements. 

The nuclear membrane shows some interesting changes during cyto- 
morphosis, the most notable being the formation of grooves or corruga- 
tions in the adult stages which serve to increase considerably its contact 
surface. Chemical changes are also indicated by its decreased staining 
properties. 

The linin network in the earlier stages (6-15 mm.) is made up of fine 
meshes, which are more or less obscured by the numerous and widely 
scattered karyosomes. As the muscle cell approaches the period in 
which its cytoplasmic activity is most marked the meshes of the nucleus 
become larger and the threads straighter and coarser, with increased 
staining capacity. As it passes over into the adult condition the fine 
meshwork reappears but the affinity for chromatic stains has been lost. 

The plasmosomes show interesting changes during the growth of the 
myoblast. In the earliest stages (6-7 mm.) but two or three are found, 
but as the differentiation of the cytoplasm proceeds (9-10 mm.) they 
become more numerous, four or five being usually present. With the 
increased cytoplasmic activity of the 17-26 mm. stages these structures 
entirely disappear, but later reappear in the old nucleus. In the early 
stages they readily stain with any of the ordinary basic stains, but in the 
old fibre this capacity is greatly lessened if not lost. From my observa- 
tions I am unable to offer evidence either for or against the supposition 
that these structures are to be regarded as by-products rather than active 
nuclear elements. 


Concerning the arrangement of karyosomes or chromatin in the nuclei 
of the muscle cells of Necturus there is a single observation to be cited. 
Macallum, 87, 462, says: “ In what might be considered as young nuclei 
the chromatin is usually quite distinct, arranged in short, variously 
looped pieces along the long axis of the nucleus, or in the form of 
minute nodules (nucleoli) in different positions in the nuclear cavity.” 

Rabl, 89, 242, describes the muscle fibres in the embryo of Pristiurus at 
the time the first fibrille are formed, and in speaking of their nuclei 
says that in a very early stage they show peculiar characters; they stain 
less intensely than the nuclei of the surrounding mesenchymal cells and 
possess an axial rod of chromatin. 
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Minot, 92, 474, finds the “same peculiarity in the chick, but later the 
nuclei lose this main granule and have instead a number of smaller ones.” 

The changes in the quantity and quality of the chromatin during the 
growth of the muscle cell is more striking than the changes observed 
in the other nuclear structures. In the early stages (6-7 mm.) the 
karyosomes are comparatively small, and quite evenly scattered through 
the nucleus; soon, however (10 mm.), the chromatin shows a tendency 
to aggregate in large karyosomes, which are irregularly disposed. These 
large masses of chromatin then (17-26 mm.) become grouped in the 
axial and peripheral portions of the nucleus, the peripheral layer being 
much thicker on the side of the nucleus, which is applied to the fibril- 
lated surface of the myoblast. 

This series of changes resulting in the greatly increased quantity of 
chromatin goes on hand in hand with the increased cytoplasmic activity 
manifested by fibrillation. Another striking change in the nucleus dur- 
ing the phases of greatest cytoplasmic activity is the entire absence of 
plasmosomes. We find in these changes a most remarkable and perfect 
correspondence to the changes known to occur in the nuclei of gland 
cells during phases of activity. I quote the following from Stohr, oo, 
“The nuclei of many gland cells also exhibit varying appearances cor- 
responding to the changing functional state; in empty cells the nucleus 
exhibits a delicate chromatic network and a conspicuous nucleolus, while 
in the loaded cells the nucleolus is invisible and the chromatin-cords 
appear in the form of coarse fragments.” Garnier, 00, likewise holds 
that the most constant correlation between the structure of the nucleus 
and cytoplasm during glandular activity is the augmentation of chro- 
matin. 

The pecular condensation of chromatin, being more accentuated on 
the side of the nucleus which is applied to the fibrillated surface, suggests 
that a condition is thus brought about which is more favorable for the 
correlation of nuclear and cytoplasmic activities. While I know of no 
observations which are of precisely the same nature, there are many 
which show that there is a marked increase in the contact surfaces of 
cytoplasm and nucleus during periods of great cytoplasmic activity. 

Korschelt, 89, has pointed out a number of instances in the eggs of 
insects where similar changes have been observed. The most striking 
of these is found in the secreting nurse-cells attached to the eggs of 
Forficula. Korschelt states that the peripheral position of the nucleus 
and its richness in chromatin are undoubtedly correlated with cell- 
metabolism. Carlier, gg, states that in the gland cells of the newt’s stom- 
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ach the chromatin spreads itself out on the inner surface of the nuclear 
membrane and that this condensation is directly connected with the 
formation of prozymogen. 

These and other facts lead to the conclusion that the position of the 
nucleus, its greatly increased amount of chromatin and the lateral con- 
densation of the latter are directly related to the formation of fibrille. 

D. SIGNIFICANCE OF CORRELATION OF CYTOPLASMIC AND NUCLEAR 

CHANGES. 


If it be true that nuclear changes in the muscle cell are correlated 
with phases of cytoplasmic activity, especially the formation of fibrille, 
we are naturally led to a further inquiry, namely: Does the nucleus of 
the muscle cell, like that of the gland cell, build up and give off chrom- 
atic material, which plays an important part in, if it does not direct, 
cytoplasmic metabolism ? 

There are two structures. in the muscle fibril which are basophilic in 
staining reaction, viz., the anisotropic band and the so-called Dobie’s 
line. 

Micro-chemical tests made by Macallum, 95, 219, and Rutherford, 97; 
319, show that this band contains an iron and phosphorus-holding nuclein. 
Macallum states that in the cells undergoing transformation into stri- 
ated fibres, some of the chromatin dissolved in the cytoplasm (from 
the yolk granules) finds its way into the nuclei, as in other cells gener- 
ally, but the greater part appears to remain in the cytoplasm of the devel- 
oping fibre, where it later passes into the dark band of the fibril. It is 
especially noteworthy that Macallum regards this process as excep- 
tional. In general, the chromatin derived from the yolk granules is 
converted into nuclear chromatin. 


While I would in no way question the accuracy of Macallum’s work, 
I think his interpretation that the chromatin in the anisotropic or dark 
band of the fibril is derived directly from the yolk instead of the nucleus 
is @ priort improbable. A serious, if not insurmountable, objection to 
Macallum’s view is the fact that in the regeneration of the adult muscle 
cell the bas#philic portions are differentiated in the entire absence of yolk 
material. The supposition that chromatin is elaborated in the nuclei 
for this purpose is confirmed by the fact that before the muscle cell 
regenerates, the quantity of chromatin is greatly increased through re- 
peated nuclear divisions in the injured end of the muscle cell. These 
facts have led me to consider the nuclei as the source of the chromatin 
found in the dark band and Dobie’s line, that is, in the basophilic por- 
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tions of the fibril. If this interpretation be correct, we should find in 
the muscle cell a process quite analogous to that found in many, indeed 
most, cells of the organism—the building up and giving off of nuclear 
material. This material may participate in the elaboration of the various 
secretions, as is known to be the case in a great many gland cells, or may 
give rise to more permanent products, such as the hemoglobin of the red 
blood cell (Necturus and Amblystoma), the yolk nuclei of the egg, the 
Nissl bodies in the nerve cell, and, as I believe, the basophile portions 
of the muscle fibrils. 


ITV. CoNcLusion. 


The chief results of my studies can be stated in a few words. They 
show that in the muscle cell of Necturus nuclear differentiation is 
scarcely less marked than cytoplasmic. They warrant the assumption 
that nuclear material plays a most important part in cytoplasmic syn- 
theses. They suggest that cellular degeneration and regeneration are 
accompanied by volumetric, structural and chemical changes in chro- 
matin. Above all, they emphasize the importance of a more precise 
study of nuclear changes during cytomorphosis. 
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LIST OF ABBREVIATIONS FOR ALL FIGURES. 


a., apex of cone of fibrille. ky., karyosome. 

cm., cell membrane. 1., linin network. 

c. p., cutis plate. mes., mesenchymal nuclei. 
c. §., cytoplasmic strands. m. p., muscle plate. 

cy., cytoplasm. n., nucleus. 

c. 2., clear zone. pl., plasmosome. 

en., endomysium. S., septa. 

f., fibrille. y., yolk granules. 


f. c., fibrillar cone. 


EXPLANATION OF PLATE I. 
All figures were outlined by the aid of the camera lucida. 


Fig. 1.—Represents an oblique longitudinal section through the third myo- 
tome of a 6 mm. embryo, showing the relation of cutis plate and muscle plate, 
the accelerated absorption of yolk granules in each end of the myotome and 
the striations of the myoblast. x 100. 

Fic. 2.—Oblique longitudinal section of a 9 mm. embryo, showing same 
points as above section, together with the clear zones at either end of the 
myotome. x 100. 

Fic. 3.—Oblique longitudinal section of myotome of 12 mm. embryo, showing 
increased extent of fibrillation, and invasion of mesenchymal cells to form 
septa and endomysium. X 100. 

Fig. 4.—End of isolated myoblast from 8 mm. embryo, after osmic acid fixa- 
tion, showing cone of strie or fibrille. 

Fic. 5.—From freshly teased preparation, showing cytoplasmic strand con- 
necting the ends of myoblasts in adjoining myotomes. x 700. 

Fic. 6.—Group of myoblasts from 15 mm. embryo, showing the septa, endo- 
mysium, also the extent of fibrillation in the myoblasts. X 700. 

Fic. 7.—Group of contracted myoblasts from 26 mm. embryo, showing the 
erowing septa, endomysium, peripheral position of nuclei and rows of yolk 
granules. x 100. 

Fic. 8.—Isolated myoblast from 10 mm. embryo, after osmic acid fixation and 
safranin, showing arrangement of fibrille in the myoblast. x 700. 

Fig. 9—Transverse section of a group of myoblasts, after Kolossow’s osmic 
acid method, showing the relation of the fibrille to the cytoplasmic reticulum. 
x 700. 

Fic. 10.—Transverse sections of myoblasts in 9 mm. embryo, indicating 
position of nuclei with reference to fibrillated area. 500. 

Fic. 11.—Transverse section of myoblasts of 15 mm. embryo, showing vari- 
ations in mode of extension of fibrille and the position of the nuclei. 500. 
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Fic. 12.—Transverse section of myoblasts from 26 mm. embryo, showing the 
complete fibrillation of the myoblast and the eccentric position of the nuclei. 
< 500. 

Fic. 15.—Transverse section of muscle fibre from 23 cm. adult, showing the 
enormous increase in the number of fibrille and the redistribution of the 
nuclei. 500. - 


EXPLANATION OF PLATES II, III, IV. 


In making the drawings of the various nuclei the writer used a Zeiss 
apochromatic 2.0-mm., homogeneous immersion lens in combination with a No. 
12 compensating ocular. The drawings were made at the table level under 
camera lucida projection. The greatest care has been taken to reproduce 
faithfully the appearances. 

The nuclei were all fixed in Flemming’s stronger solution and then stained 
by Heidenhain’s iron alum hematoxylin method or with safranin. It should 
be added that these stains were supplemented by a number of others, all of 
which give the same appearances. 

Fia. 14 is a profile drawing of an isolated nucleus, in the resting stage, from 
a myoblast of the 7 mm. embryo. 

Fics. 15-26 represent a series of transverse sections of a nucleus in the 
same stage. 

Fic. 27 represents a drawing of an isolated nucleus, in the resting stage, 
from a myoblast of a 26 mm. embryo. 

Fics. 28-39 represent a series of transverse sections of a nucleus in the same 
stage. 

Fig. 41, profile view of an isolated nucleus, in the resting stage, from mus- 
cle cell of 23 cm. adult. 

Fics. 42-60 represent a series of transverse sections of a nucleus in the 
same stage. 
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Cytological problems are so numerous and yet so prominent in the 
minds of investigators that it may seem unnecessary to call attention to 
them again here. Oscar Hertwig, E. B. Wilson, Whitman and others 
have stated these problems so well that I cannot do better than to refer 
to these writers, and call attention to the following suggestive quotation 
from Wilson, 84: “On the one hand, it has been suggested by Flem- 
ming and Van Beneden, and urged especially by Whitman, that the 
cytoplasm of the ovum possesses a definite primordial organization, which 
exists from the beginning of its existence even though invisible, and is 
revealed to observation through polar differentiation, bilateral symmetry, 
and other obvious characters in the unsegmented egg. On the other 
hand, it has been maintained by Pfliiger, Mark, Oscar Hertwig, Driesch, 
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Watase, and the writer (Wilson) that all the promorphological features 
of the ovum are of secondary origin; that the egg-cytoplasm is at the 
beginning isotropous, 7. ¢., indifferent or homaxial, and gradually ac- 
quires its promorphological features during its preembryonic history.’ 

In the work of the writers cited above, the literature on the subject up 
to the present time is extensively reviewed, especially by Wilson, 84. I 
may perhaps be justified, therefore, in confining myself in the present 
paper to a concise statement of my own observations. To show their 
relation to the work of other observers, and the bearing of my conclu- 
sions on present-day theories, would make my paper undesirably lengthy 
and involved. I hope in the near future to consider this phase of the 
subject in connection with observations that I have made on the ovarian 
egg of the crayfish. 

My present observations have been made on the ovarian egg of the 
Tortoise—Clemmys marmorata. I have found it a favorable egg to 
work with, and have been gratified to find so many of my conclusions 
regarding the history and organization of the egg of Limulus, beautifully 
confirmed. 

Regarding my paper on that subject, I take pleasure in expressing here 
my appreciation of the favorable mention which it has received; and I 
desire especially to express my thanks to Prof. C. F. Hodge of Clark 
University, to Prof. Dr. R. Fick of Leipsic, and to Dr. Fritjof Nansen 
of Christiania for very kind courtesies and favors. 


DESCRIPTION OF THE TORTOISE. 


Clemmys marmorata is a tortoise inhabiting the western part of North 
America. I have had no opportunity to study its distribution. -But as 
I am not aware that it exists east of the Rocky Mountains, and as it is 
not mentioned in Jordan’s Manual of the Vertebrates, I assume that it is 
not common. It inhabits the ditches, pools and ponds tributary to the 
Yakima River in central Washington. My identification is based on 
three specimens found in the Museum of Natural History at Victoria, 
British Columbia. The following description may not be out of place 
here: 

Carapace ovate, in the adult considerably elongate; margin flaring, 
not strongly convex; highest in the middle; length from head to end of 
tail, ten inches; plastron of twelve plates covering the whole under- 
surface; lobes not hinged; alveolar surface of jaws medium in width; 
alveolar groove visible; upper jaw slightly notched in front; carapace 
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depressed, not keeled ; toes strong, broadly webbed; carapace dark green; 
plates of carapace in quincunx, and margined with paler brown below; 
concentric striation of cestal plates visible but not strongly marked; 
marginal plates not united in the adult, apparently so in the young; 
adjacent edges of posterior marginal plates forming a compound curve; 
marginal plates slightly notched in front; marginal plates twelve, with 
two narrow supernumerary in front; anterior and posterior marginal 
plates divided by vertical, yellowish stripe; lateral plates with slightly 
reticulate, yellowish markings. Head small, hind legs clubshaped, larger 
than forelegs; four toes of hind feet with long claws, five claws in front. 
Marginal plates ornamented below with conspicuous, bright red lines; 
feet and tail black, striped with yellow; head and neck green, covered 
with smooth skin; side of head and neck marked with yellow stripes 
converging in front of the eye, and crossing the iris. Plastron red or 
pink, and marked with a bilaterally symmetrical design of brown, which 
is very characteristic both in the younger and in the older forms. 

Methods.—Preserving fluid, picro-nitric ; dehydrated in 15-100 per 
cent alcohol, passed through chloroform and imbedded in paraffine ; sec- 
tioned five », and stained on the slide. The following stains have been 
used, and have been found useful about in the order named: saffranin, 
acid fuchsin, Delafield’s hematoxylin, picro-carmine, eosin, borax car- 
mine, ammonia carmine, orange G., Bismark brown, Vesuvin brown, 
violet blue, dahlia violet, iodine green, Congo red, anilin blue, anilin 
red. Many of these stains were also variously combined. Thus: Hama- 
toxylin and picric acid; hematoxylin and eosin or acid fuchsin, haema- 
toxylin and saffranin, ete. I have also found it profitable to study the 
egg in the living state or merely hardened and killed without imbedding 
or sectioning. Iodine applied to eggs in this condition under the cover- 
glass gives valuable and interesting results. It is surprising that iodine, 
which has been found so valuable in the study of living plant tissue, has 
not been more extensively used in the cytology of animals. 


THE OVARY. 


On removing the plastron of the adult animal, at the proper season of 
the year, after the first of May, the ovary, with its numerous large, yellow 
eggs, is the most conspicuous internal organ exposed. It lies in the 
abdominal cavity, and when the eggs are grown, or nearly so, fills the 
abdominal cavity between the hip girdle and the shoulder girdle. One 
such ovary contains, besides fifteen or twenty comparatively large spheri- 
cal eggs, measuring three-fourths of an inch or so in diameter, and hav- 
ing a deep yellow coloration, many stages of the growing eggs down to 
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the very earliest, including the oogonia. The smaller eggs are paler in 
color, and they are distributed irregularly between the larger eggs, as 
seen in Plate VII, Fig. 92. 

The ovary is covered with a thin membrane, evidently a fold of the 
peritoneal membrane, and each egg is surrounded by two distinct coats 
of membranous tissue, which are developed from the stroma of the germi- 
nal mass. These latter membranes are richly supplied with blood- 
vessels. 

The Germinal Mass. 


I have not traced the origin of the germinal layer in the embryo. 
From the matured ovary, I infer that it develops in connection with the 
peritoneal lining of the abdominal cavity, the original germ-cells becom- 
ing surrounded by thin membranes apparently continuous with that 
lining membrane. 

The germ-cells form a mass rather than an epithelium; and, in the 
adult ovary, are divided up into distinct masses having more or less the 
form of flattened oval ridges, slightly longer than broad, and distributed 
between the larger eggs. It may be that this separation into ridges is 
due to the growth of the eggs; and that, in the very young ovary, it 
forms one continuous mass. 

The position of the smallest eggs in Plate VII, Fig. 92, indicates the 
general arrangement of the germinal ridges, one ridge being usually 
associated with each of the smaller eggs. There is represented in Plate I, 
Fig. 1, a longitudinal section of such a germinal ridge; Plate I, Fig. 2, 
a transverse section; and Plate I, Fig. 3, a horizontal section of a germi- 
nal ridge. 

The Oogonia. 


The germinal ridges consist chiefly of spherical cells, the oogonia, 
each one being surrounded by a layer of cells, forming the stroma of 
the ovary. Each of these stroma cells has a central flattened nucleus, 
staining deeply, and all forming a circle around each oogonium, their 
arrangement is such as to suggest a follicle; but the elongated and flat- 
tened shape of these nuclei, as well as their closely packed chromatin 
and consequently deep staining, renders them easily distinguishable from 
the true follicle, which forms later within. It is this layer which evi- 
dently forms the innermost tunic immediately surrounding the follicle 
epithelium of the growing egg. 

The oogonia are spherical or slightly elongated. The nucleus is large 
and spherical, and shows, at first, a very distinct network, apparently 
imbedded in the hyaline karyolymph. The oogonia vary in size. In 
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the larger ones, the hyaline karyolymph becomes turbid by the deposit 
of chromophilous granules. This renders the nucleus more conspicuous, 
owing to its increased size, and its greater staining capacity. The cyto- 
plasm of these oogonia is rather hyaline, and does not stain at all deeply 
in nuclear stains. The cytoreticulum can, however, be seen. 


The Centrosome. 


In the immediate neighborhood of the nucleus, in the cytoplasm, there 
is a true centrosome. The amount of cytoplasm is not great, but at one 
pole of the nucleus there is more of it than elsewhere. The centrosome 
can here be seen in the form of a tiny body close to the nucleus. It may be 
more or less conspicuous according to the amount of archoplasm sur- 
rounding it. The archoplasm is apparently not always present. The 
centrosome itself, 7. ¢., the central granule, is an exceedingly minute 
body which comes into view only on focusing, when it often stands out 
sharp and clear in the center of what seems to be a clear globule, sur- 
rounded by a ring of microsomes. In fact, I have seen this clear globule 
often when I have been unable to make out the central granule—a fact 
that may be due to defective focusing. From the circle of microsomes 
surrounding the clear globule, the cytoreticulum radiates, usually becom- 
ing crowded along the sides of the nucleus and forming a thin layer 
investing the nucleus. My experience with these germ-cells has made 
me very suspicious about all negative evidence concerning the centrosome. 
That such a tiny granule is not always visible is not strange, when it is 
noticed how the cytoplasm varies as regards its density and transparency, 
not only in variously preserved material, but in the living state as well. 
As is plain from the later history of the centrosome, to be related pres- 
ently, the presence or absence of the central granule may or may not 
be important. What is of greater importance, perhaps, than the central 
granule is the circle of microsomes surrounding it, and from which the 
fibrils of the sphere seem to radiate. To say that this central granule 
is homologous to or identical with the ordinary cytomicrosome does not 
signify much either one way or another, so long as the radial system of 
fibrils in its immediate vicinity can be shown not only to exist at this 
early stage, but to persist throughout subsequent stages of the growing 
egg. The extreme tenuity, also, of the radial fibers of the sphere, especi- 
ally in the resting condition of the astral system, often makes it seem 
more surprising that they can be seen at all’ than that they should at times 
become obscured by granules or otherwise become invisible, be it due to 
reagents used in preparing the tissue or to varying states of the fibers. 
The fact seems to be that the fibers of the cytoreticulum have the power of 
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contra¢tion-by which the microsomes are made to approach one another. 
The circle of microsomes may thus become closely applied to the central 
granule, giving rise in that way to the conspicuous centrosome which 
appears when the oogonium divides. 


Division of Oogonta. 


The marked difference in size of the oogonia must mean that they 
grow considerably before dividing to form oocytes. This growth con- 
sists in a marked increase in size of the nucleus and the greater amount 
of chromatin or at least chromophilous granules, as well as in a marked 
increase in the amount of cytoplasm. During this growth the radial 
zone of the sphere persists (Plate I, Figs. 1, 2, 3). 

The division of the oogonia is mitotic (Plate I, Fig. 3). The chromatin 
becomes massed into a spireme, a spindle is formed with a centrosome at 
each pole of the spindle. I have no observations on the division of the 
centrosome to record. But I presume that the two centrosomes result 
from division of the original centrosome. This fact may be noted, how- 
ever, that the centrosomes are now very much more conspicuous than 
the original centrosome, due, as it seems to me, to the tension of the 
astral system, the massing of the archoplasm around the centrosome and 
the concentration of the circle of microsomes so as to make them seem 
merged into the central granule. 

When an oogonium enters the division period, it passes through a 
series of divisions with a very brief period, if any, between each division 
(Plate I, Figs. 2, 3). Thus it first divides into two (Plate I, Fig. 6). 
The two cells thus formed (Plate I, Figs. 8, 9) divide again immediately 
after the reconstruction of the nuclei, giving rise to four similar cells 
(Plate I, Fig. 9). After a brief interval, these again divide, giving 
rise to eight daughter-cells, from the original oogonium (Plate I, Fig. 
10). As might be expected, the eight cells thus formed are very small 
as compared with the original oogonium (Plate I, Fig. 3). As can be 
seen in Plate I, Fig. 3, not only are the spindles associated into groups, 
but the progeny of each oogonium hes crowded together in nests of two, 
four or eight cells, and are surrounded, as was the mother-cell, with the 
inner layer of the stroma cells. 


Formation of Follicle. 


One of the eight cells, resulting from the repeated division of the 
cogonium, becomes the oocyte or egg; the rest become the follicle. The 
follicle cells are, therefore, the sister-cells of the egg. The oocyte is 
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always the central cell. It differs from the follicle cells, so far as I can 
see, in two important particulars, namely: First, its central position 
gives it an environment of similar cells; while the follicle cells have one 
side adjacent to the egg, the other side adjacent to the surrounding 
stroma cells. One would naturally expect that, if the differences in sur- 
roundings could develop polarity, such should be found in the follicle 
cells, while the egg should be homaxial. On the contrary, the oocyte 
differs, secondly, from the follicle cells in having a centrosome at one 
pole, which is evidently absent in, the follicle cells. 


Differentiation of the Oocyte. 

Seeing that the oocyte resulting from the division of the oogonia is 
always the central cell, I have endeavored to ascertain the probable 
cause of this. Is the egg a result of its accidental position amid its 
sister-cells, and do the follicle cells simply become follicle cells because 
of their accidental position with reference to the oocyte on the one hand 
and the surrounding stroma cells on the other? In other words, is it a 
matter of chance which of these cells shall become an egg, or is there 
some internal difference in the cells, which results from a qualitative 
division of the original oogonium? Right here, it seems to me, les the 
problem of all problems, that of cell differentiation. The matter pre- 
sents itself here in its simplest form; for we have here evidently to do 
with the first of those changes, ecdysis or moults through which the 
original germ separates off from itself the somatic cells, which nourish 
and protect it, and of which the development of the fertilized egg is 
only a more complex process. May not this division of the oogonia be 
compared to a simple process of cleavage, by which there results the 
most primitive separation into germ and somatic cells? If intrinsic 
differences arise in this group of cells from a qualitative division of 
some sort, it ought to afford a strong presumption in favor of such a 
process in the development of the fertilized egg; if, on the other hand, 
the difference between the oocyte and the follicle cells is due to cellular 
interaction, may this factor not be equally important in the later 
ontogeny ? 

I have endeavored to discover the law according to which one of the 
cells of this group comes to occupy a central position, but I cannot say 
that I have been successful. There appears to be no regularity in the 
direction of the spindles in the division of the four cells into eight, 
which might determine the final position of the central cell. I am not 
prepared to say, however, that no such law exists. Possibly the follow- 
ing facts are sufficiently important, in this connection, to warrant a state- 
ment of them. 
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At the close of the last division, the cells are arranged as seen in Plate 
I, Figs. 10, 11. The chromosomes evidently become vacuolated, by the 
secretion of a hyaline matrix, which separates the chromatin substance 
into granules arranged on delicate fibres of linin, forming a network. 
At first, all the nuclei thus formed are about equal in size, all being 
spherical, and having the chromatin more abundant around the peri- 
phery. The cytoplasm is relatively scarce, forming only a thin layer 
around the nucleus of each cell. Comparing Figs. 10 and 11, it can be 
seen that all the cells just divided, and before the nuclear reticulum is 
fully formed, are very similar, each having a centrosome surrounded by 
archoplasms, situated at one pole of the nucleus. In Plate I, Fig. 11, 
on the other hand, only the central cell has an undoubted centrosome at 
one pole. Even in this cell, the centrosome is not so distinct as pre- 
viously, the archoplasm having apparently spread out along the sides of 
the nucleus, forming a crescent. The centrosome is now a tiny granule, 
occuping a clear globule, which is surrounded by a circle of larger micro- 
somes. Evidently this is the resting condition of the sphere, the fibrils 
being relaxed, and the microsomes of the peripheral ring separated from 
the central granule, rendering the whole slightly more difficult to see. 
In the peripheral cells, on the other hand, the slight quantity of cyto- 
plasm surrounds the nucleus equally on all sides. But the nucleus in 
these future follicle cells show, even in this early stage, a comparatively 
large central body which resembles a nucleolus. It is difficult to believe, 
however, that it is a nucleolus, since the true nucleoli develop much later. 
I am inclined to believe that this is the centrosome of the preceding 
stage. These cells, so far as can be seen, have a radial symmetry, pos- 
sibly due to the position of the centrosome within the nucleus. The cen- 
tral cell, the oocyte, on the other hand, shows the centrosome in the 
cytoplasm at one pole, and hence has a more oval form. A distinct 
polarity, in other words, exists here; and this seems to be due to the 
relative position of the nucleus and centrosome respectively. I can see 
no reason whatever, for doubting that this centrosome is the centrosome 
of the dividing oogonia (Plate I, Fig. 11), and that the transition from 
the condition existing in Fig. 10 to that of Fig. 11 is a complete trans- 
formation, and a formation de novo of the centrosome in the central cell. 
This centrosome is not a transient body, as the subsequent history of the 
growing oocyte shows. This fact, too, can hardly be denied, namely: 
That, first, the nucleus of the central cell or oocyte, now the germinal 
vesicle, in its earliest stage, is derived directly from the chromatin of the 
dividing oogonia, and hence is a direct continuation of the nucleus of the 
oogonia; and, second, that the cytoplasm, instead of being formed de novo 
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from the young germinal vesicle, is also a direct continuation of the 
cytoplasm of the original oogonia. The cytoplasm being so limited, it 
is easy to regard the sphere as the most essential part of the cytoplasm, 
and from the later history of this body in the growing egg, one is almost 
tempted to infer that a chromosome organically connected with a centro- 
some and sphere is sufficient to develop a nucleus from the former and 
cytoplasm from the latter, 7. ¢., a cell, in the present case, the egg. In 
this early stage, immediately following the reconstruction of the nucleus, 
(now the germinal vesicle), from the chromosomes of the spindle, it is 
hardly possible that metabolic processes in the nucleus could be respon- 
sible, on the one hand, for the central nucleolus-like body in the nucleus 
of the peripheral (follicle) cells; or, on the other hand, for the accumu- 
lation, at one pole of the young germinal vesicle, of the slightly granular 
centrosome and sphere. 

The staining reaction of the chromatin and archoplasm respectively is 
so different that the origin of the one from the other could not even be 
suggested by it. The chromatin stains deeply and easily in nuclear 
stains, the centrosome and archoplasm, on the contrary, are conspicuous 
chiefly for their resistance to nuclear stains. 

I conclude from the above facts that there are important internal 
differences between the follicle cells and the oocyte at this earliest stage. 
The principal difference is the position of the centrosome in the oocyte, 
which not only gives it a polarity, but also seems to confer on the oocyte 
the capacity for growth. It is this centrosome and sphere which later 
grows so extensively by the absorption of food and the formation of yolk 
in the later stages as can be seen by examining Plate VII. The prob- 
able function of the nucleus in this later growth is suggested by the 
origin and history of the yolk-nucleus to be described later on in this 


paper. 
THE EGG. 


STAGES OF GRrowrH.—The history of the growing oocyte presents 
three successive phases, which may be used as landmarks for descriptive 
purposes. 

The first period extends from the beginning of growth, to the time 
when the cytoplasm assumes its characteristic granular appearance; at 
which time, also, the true nucleoli make their appearance in the germinal 
vesicle. 

The second period extends from the first period to the beginning of 
true yolk-formation; and the third period covers that period of growth 
in which the true yolk-bodies are formed. 
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Stace I. 


Lhe Follicle-—From the very first, the appearance of the oocyte, differs 
from the follicle cells in that the chromatin of the latter, at first very 
similar to that of the young germinal vesicle, being in the form of dis- 
tinct network of irregular granules suspended in a clear nuclear matrix, 
increases considerably and consequently stains more deeply. As the oocyte 
grows, the nuclei of the follicle cells lose their spherical form, and be- 
come more or less flattened, the elongation being in a plane vertical to 
the egg surface. 

The young germinal vesicle preserves its spherical form. It seems to 
grow rapidly—much more so, at this time, at least, than does the cyto- 
plasm. At first, the ground substance of the germinal vesicle is clear, 
showing the chromatin network beautifully. The increase in size seems 
to be due to the increased amount of karyolymph. At first the chromatin 
has the form of granules suspended in or attached to a network of 
hyaline threads, but this lasts only for a brief period. The granules 
increase rapidly and soon obscure the hyaline matrix and the nuclear 
network. Consequently the young germinal vesicle stains more deeply 
now. . 

At first some of the granules imbedded in the linin network are 
larger than the rest; are more spherical; stain more deeply, and are 
distributed about equally throughout the germinal vesicle (Plate VII, 
Fig. 91; Plate I, Fig. 17). These spherical bodies become obscured as 
the irregular granulation of the matrix becomes more marked. I sus- 
pect that it is these larger spherical chromatin bodies that are more or 
less directly responsible for the granules appearing around them. 

The Nucleolt.—The whole germinal vesicle being filled with granules, 
till only traces of the original network can be seen, there appears at the ~ 
periphery one or two bodies larger than the former spherical chromatin 
bodies, and having all the characteristics of true nucleoli. The principal 
characteristics which serve to identify this as a nucleolus are: First, its 
position, which is identical with that of all the subsequent nucleoli which 
make their appearance ; and second, the appearance, within it, of vacuoles, 
which cannot be seen in the spherical bodies of the network. As regards 
size and shape, it is not especially distinguishable from the larger spheres 
of the chromatin network. In its staining reaction, also, it resembles 
those bodies. On account of its peripheral position, however, I entertain 
considerable doubt as to its being one of those early spheres merely aug- 
mented in size. 

The cytoplasm, also, at first becomes more and more turbid, and 
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increases in amount. The granules causing this turbidity are at first 
very minute, and do not stain so intensely in nuclear stains as the smaller 
granules of the germinal vesicle. The cytoreticulum is, however, made 
evident by such stains as eosin and picro-carmine, and even by hema- 
toxylin. 

The centrosome retains more or less completely the characteristics 
which it possesses just after the telophase of karyokinesis of the oogo- 
nium. It is not always possible to see the tiny central granule. The 
circle of large microsomes is more easily seen. It encloses a clear, 
glassy, round opening or globule (Plate I, Fig. 14). The archoplasm 
surrounding this usually extends to the germinal vesicle, partly enclosing 
it, thus forming a crescent-shaped granular area, in the widest portion 
of which the centrosome and sphere can be seen. The granular archo- 
plasm sometimes obscures the centrosome structure either partly or com- 
pletely, in which case only an irregular mass of granules marks the loca- 
tion of the centrosome. Occasionally, too, the archoplasm fiows around 
the germinal vesicle, forming a ring (Plate I, Fig. 15), at one pole of 
which the centrosome and sphere are to be seen. ‘This consists of a 
small central granule, from which radiate tiny fibers in all directions to 
comparatively large microsomes which, owing to their size, form a dark 
ring around a light area immediately surrounding the central granule, 
and across which the slender radiating fibrils extend. From this first 
ring of large microsomes, there extend similar radiating fibers to a 
second ring of microsomes slightly smaller than the first and situated 
about half way between the inner ring and the periphery of the egg 
(Plate I, Fig. 17). The entire contents of this second ring stain more 
deeply than the rest of the cytoplasm, but not nearly so intensely as the 
germinal vesicle. It is in close contact with the germinal vesicle and 
is indented at the point of contact, so that it, together with the spherical 
germinal vesicle, forms an oval area in the center of the young egg, 
surrounded by a layer of less granular protoplasm of about equal thick- 
ness (Plate VII, Fig. 97, p. z.). 

Cytoplasmic Areas.—As this outer protoplasmic layer is distinguish- 
able throughout the later history of the egg, and must be referred to fre- 
quently, I deem it best to give it a name, and shall call it the peripheral 
zone (Plate VII, Figs. 97 and 88, p. z.). The outer portion of this 
zone is further differentiated into a thin layer immediately under the 
egg-membrane. I shall call this the subcuticular layer (Plate VII, Fig. 
Sy, 6S). Cail): 

The line separating the peripheral zone from the germinal vesicle and 
sphere, taken as a whole, I shall call the cytoccel (Plate VII, Fig. 97, 
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cy. c.); and the sphere itself, because of its many peculiarities, not 
usually recognized as belonging to the centrosome and sphere, I shall 
call the cytocenter (Plate VII, Fig. 97, c. c., Fig. 85, c. c.). I take this 
cytocenter, in the larger eggs, to be the typical centrosome and sphere 
of the earlier stages, modified by growth and by the deposit of yolk- 
bodies and yolk-granules. 

I am very reluctant to introduce these names into an already over- 
burdened vocabulary, but see no way of expressing myself without them. 

I have said that there are two rings of microsomes surrounding the 
centrosome, forming the structural basis of the true attraction sphere 
(Plate I, Figs. 12, 13, 14, 15, 16, 17). That must be true in the very 
early stages of development. In Fig. 17 is represented a young growing 
egg more highly magnified. In Plate I, Fig. 13, is represented a section 
through the attraction sphere at right angles to the egg-axis. But the 
same appears to be true, also, of the oogonia (Plate I, Figs. 1, 2, 3, 4, 5, 
and Plate VII, Figs. 93, 94, 95). The number of these circles seems to 
increase as the egg grows (Plate VII, Figs. 96, 97; Plate II, Figs. 38, 
50, 51; Plate III, Fig. 55). 


Stace II. 


The nucleolus, having first made its appearance in the preceding 
stage, the number of these now increases rapidly. They correspond 
roughly with the size of the germinal vesicle, increasing in number as it 
grows. From a single nucleolus at the beginning, there may be a hun- 
dred or more in the fully-grown germinal vesicle—a fact which has led 
me to doubt their direct descent from the chromatin spheres of the first 
stage. They vary considerably in the fully-grown germinal vessicle of 
the third stage (Plate VII, Figs. 86, 87; Plate II, Figs. 30, 43, 63). 
Their staining reaction is similar to that of chromatin. Hematoxylin 
and borax carmine make them conspicuous. The larger ones usually 
show the central differentiation or vacuole common to most nucleoli. 
It is rare, however, that they possess more than one of these (Plate III, 
Fig. 63, 64, 65). 

The germinal vesicle in this egg presents a somewhat remarkable uni- 
formity as regards form. It is spherical, at times slightly oval, and 
seems to retain this form from its beginning (Plate I, Figs. 11, 12, 18, 
19; Plate II, Figs. 48, 44; Plate III, Fig. 62; Plate VI, Fig. 86?), and 
even late into the final period of growth when the egg becomes filled with 
yolk (Plate VI, Figs. 85, 86). 

Evidence of the nuclear reticulum is present throughout the three 
stages, though the granular karyolymph renders the network indistinct, 
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especially in cytoplasmic stains, because of the increasing affinity of its 
granules for such stains. Hematoxylin and picro-carmine, however, 
make certain aspects of the reticulum very evident. The finer strands 
of the network, so beautifully evident in the early stage, are not now 
visible; but bead-like rows of deeply-staining spheres, somewhat resem- 
bling the smaller nucleoli, appear as isolated or continuous strands run- 
ning in wavy lines through the granular matrix (Plate III, Fig. 63; 
Plate IV, Fig. 68; Plate V, Fig. 75; Plate VI, Fig. 82). From the 
bead-like bodies of which these chromosomes are composed, there seem 
to radiate delicate fibrils, giving a woolly appearance to the chromosome 
bands. ‘This is not visible at all times in the same kind of material. I 
presume it is due to the finer fibrils of the obscured network. 

The position of the germinal vesicle, as in the preceding stage, is 
very constant. It is never exactly at the center of the egg. Its eccen- 
tricity seems to be constant, though I cannot say that it is absolutely so. 
In sections at right angles to the egg-axis, it is central (Plate III, Figs. 
57, 58, 59). But in sections parallel with that axis, it is always removed 
from the center; and, in most if not in all eggs in this and the preced- 
ing stage, occupies a position about midway between the egg-center 
(cytocenter) and the periphery. An inspection of the plates will hardly 
tend to convince one of the truth of this statement; but in many, if not 
all cases, the exceptions in this respect are due to the fact that the section 
does not coincide with the egg-axis, or else does not pass through the 
center of the germinal vesicle. 

The cause of this constant eccentricity of the germinal vesicle is the 
presence, at the egg-center, of the centrosome and sphere, which in this 
and in later stages I have called the cytocenter, partly because, although 
it is a direct continuation of the centrosome of the dividing oogonia, and 
of the sphere of the earliest stage of the oocyte, it often departs so far 
from what has generally been understood by the term centrosome and 
sphere. 

The eccentricity of the germinal vesicle is such, that the cytoccel (outer 
limit of cytocenter) intersects it considerably below the middle (Plate le 
Figs. 25, 26; Plate II, Figs. 29, 34, 35, 36, 38, 39, 40, 49, 50, 51). 
Comparing these figures with Plate iL, Figs. 12, 14, 16, 17; Plate VII, 
Figs. 96, 97, 84, it becomes evident how little this relation has changed 
even in eggs of the considerable size represented in Plate VII, Figs. 84, 
85, 86. I have said that the germinal vesicle is always eccentric. This 
it must necessarily be so long as the centrosome, and later the cytocenter, 
occupy the position they do. The cytocenter is always present in this 
egg, and its persistence throughout this and later stages of the growing 
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egg should be important evidence of the persistence of the centrosome of 
which it is a direct continuation. 

The cytocenter, notwithstanding its many peculiarities, often presents, 
even in this second stage of the egg, when the cytoplasm has become very 
granular, the principal features of a typical sphere, with a central granule 
or granules, such as we find at the beginning of growth (Plate I, Fig. 22; 
Plate Il, Fig. 38; Plate III,-Figs. 56, 65; Plate VII,’ Pigs. 96, 97)2 
Furthermore, it often shows very distinctly the surrounding radiations 
of the true aster (Plate I, Fig. 23; Plate II, Figs. 30, 33; Plate III, 
Figs. 56, 60; Plate IV, Fig. 68). 

The central granule is not always visible. Its place may be occupied 
by what seems to be a round hole or an unstained transparent body 
(Plate II, Fig. 49, 51; Plate III, Fig. 65), or by an irregular network 
(Plate III, Fig. 62; Plate V, Fig. 75; Plate VI, Figs. 78, 82). This 
network-condition of the center is most frequent in the third stage of the 
egg, when the yolk-bodies are being formed at the periphery. The net- 
work often has a denser central portion (Plate VI, Figs. 81, 83; Plate 
IV, Figs. 69, 71), in the center of which a deeply-staining body often 
appears (Plate IV, Fig. 69; Plate VII, Fig. 84). Radiating from this 
dense central body, are numerous straight fibers passing through the 
network out into the cytoplasm of the peripheral zone, suggesting most 
certainly the original sphere with its radial fibers, ete. 

A form of the cytocenter, which is more common in the early stages 
of the second period of growth, is that of a comparatively homogeneous, 
slightly granular or fibrous mass, as seen in Plate I, Fig. 25; Plate II, 
Figs. 27, 29, 45, ete. Slight or even pronounced differentiation of this 
can in most cases be made out as in Plate IV, Fig. 67; Plate III, Figs. 
55, 64. The more homogeneous ones of this kind are possibly caused 
in part by the reagents, for they are occasionally contracted so as to 
leave an open space extending partly around them (Plate I, Fig. 25; 
Plate II, Fig. 29). But this does not appear in those represented in 
Plate II, Figs. -27, 45. 

It is difficult to suggest any reason why the reagent should have such 
effect in one case and not in others. The cytocenter assumes these 
different forms in the same ovary, treated with the same reagents. Many 
of the different forms can be seen on a single slide or on a series of 
slides made from the same serial sections of a single ovary. 

While different stains differ in their power of rendering the fibers and 
granules prominent, the variety of forms can by no means be attributed 
to the effect of stains. 

Staining Effects—The cytocenter is eminently cytoplasmic in its stain- 
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ing reaction. A center, like that represented in Plate IV, Fig. 69, can 
be differentiated by acid fuchsin following hematoxylin so that alone 
stands out like a bright red astral body, all other parts of the cell retain- 
ing the hematoxylin stain. 

All parts of the germinal vesicle take the hematoxylin stain, and 
retain it after application of acid fuchsin or eosin. The granular matrix 
of the germinal vesicle has a paler coloration while the nucleoli are most 
deeply colored by this stain. When hematoxylin is followed by picrie 
acid, the granular matrix is strongly affected, while the nucleoli resist its 
action, as does also the chromatin network, especially the spherical 
chromosomes (Plate IV, Figs. 67, 68). Hematoxylin has very little 
effect on the cytocenter. Appearances like those represented in Plate II, 
Figs. 27, 41, are apparently frequent after this stain. When hema- 
toxylin is followed by acid fuchsin, the cytocenter is the most conspicuous 
part of the section. 

Forms like those represented in Plate II, Figs. 29, 45; Plate IV, Fig. 
66, are made conspicuous by eosin. A cytocenter of an egg about the 
size of that represented in Plate II, Fig. 49, from a section stained with 
eosin, is represented in Plate VII, Fig. 90, as it appears under a high 
power. That it has the essential structure of the original centrosome 
and sphere of the very youngest eggs, as that represented in Plate I, 
Fig. 17, for instance, is quite evident. Owing to the great increase of 
the amorphous granules of the cytolymph, the fundamental structure is 
obscured. But it can, nevertheless, be seen that it consists, as in the 
young egg, of a darker center surrounded by a less dark ring; and this, 
again, surrounded by definitely limited zones, which again are surrounded 
by a wider zone of open meshes of fibers apparently in the form of a 
network. Through this outer network of fibers there can also be seen 
radial fibers proceeding from the inner zones. I have taken special pains 
not to exaggerate these features in the section. It is hardly necessary 
to say that an exact reproduction, in pencil drawings, is difficult if not 
impossible. Yet Plate VII, Fig. 90, is as near a true picture as I can 
hope to make it. I feel confident that everything represented in the plates 
can be seen by any unprejudiced eye, from the slides from which the 
drawings are made. Indeed, realizing the danger of subjective elements 
in seeing, I have taken pains to have disinterested parties criticise my 
drawings from an inspection of the preparations. 


Stace ITI. 


The germinal vesicle retains its spherical form, and increases in size 
with the growth of the egg. Its size, however, does not seem to be con- 
24 
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stant in eggs of the same size. It also retains its affinity for nuclear 
stains. ‘The number of nucleoli remains about the same, and they retain 
their position at the periphery of the germinal vesicle. They still vary 
in size, and do not seem to grow perceptibly after their formation, being 
scarcely larger in the large egg, represented’in Plate VII, Fig. 87, than 
in eggs like those represented in Plates IV, V, VI. 

The nuclear reticulum remains visible as far as I have been able to 
trace the germinal vesicle in later stages. After the stage represented 
in Plate VII, Fig. 87, the egg becomes so filled with yolk that it is 
difficult to section it successfully. 

The distance of the germinal vesicle from the cytocenter increases with 
the growth of the egg, while its distance from the periphery remains 
about the same, as is evident from an inspection of the plates. Compare, 
for instance, Figs. 86 and 87 with Figs. 70, 71, 75. From the very 
beginning, the germinal vesicle hes in the peripheral zone, between the 
subcuticular layer and the cytoccel, and continues to occupy that position 
even as late as those eggs represented in Plate VII, Figs. 84, 85, 86, 87. 
In Plate II, Figs. 34, 35, 36, 38, 39 and 49, 50, 51, the outer limit of the 
cytocenter, the cytoccel, is distinctly seen. Note that its relation to the 
germinal vesicle is about the same in all these cases. * It intersects the 
germinal vesicle at its lower one-fourth. Comparing these figures with 
the very young eggs of the first stage, as, for instance, Plate I, Figs. 12, 
14, 16, 17, it will be seen how closely these relations are maintained 
throughout the first and second stages. Comparing again these with the 
eggs of considerable size of the third stage, represented in Plate VII, 
Figs. 84, 85, 86, it will be seen that the germinal vesicle occupies the 
same relative position with reference to the cytocel. The one striking 
difference between them is the increased distance between the cytocenter 
and the germinal vesicle. This is especially evident in Plate VII, Fig. 87. 

The cytocenter is still visible in eggs as large as that represented in 
Plate VII, Fig. 87, and in much larger eggs (Fig. 88) where the cyto- 
plasm is crowded with the regular yolk-bodies. The form of the cyto- 
center in these large eggs is variable. It is still very distinctly differen- 
tiated by orange G. (Plate VII, Fig. 86); by acid fuchsin (Fig. 87) ; 
and by hematoxylin (Plate VII, Fig. 88). In eggs like those of Plate 
VII, Figs. 84, 85, the cytocenter still retains much of the typical char- 
acters of the attraction sphere of younger eggs, it being as yet not invaded 
by the yolk-bodies. But in eggs like those of Plate VII, Fig. 86, the 
great increase of the yolk, both around and within it, nearly obscures it. 
The circular form is still maintained, and distinctly differentiated from 
all else it is doubtless a remnant of the denser central portion seen in 
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Plate VII, Fig. 85. So far as my observations extend on these larger 
eggs, the cytocenter exists wherever the germinal vesicle exists. 

Lhe yolk-nucleus is prominent in these eggs. It is especially con- 
spicuous in eggs at the transition between the second and the third stage 
of growth (Plate IV, Figs. 68, 71; Plate V, Figs. 72, 73, 74; Plate VI, 
Fig. 78, 79, 80, 81, 82). It is, however, not confined to this transition 
period, but it is found in eggs of all stages of the second period of 
growth (Plate I, Figs. 23, 26; Plate II, Figs. 30, 33, 36, 37, 38, 39, 42, 
44,51; Plate III, Figs. 53, 54, 57, 58, 59, 60, 61, 63, 64). The principal 
characteristics of the second period of growth, besides the appearance 
of the nucleoli in the germinal vesicle, has previously been stated to be 
the granular condition of the cytoplasm; that of the third stage, the 
origin of the true yolk-bodies. 

The yolk-nucleus has no such constant morphological feature as the 
germinal vesicle and centrosome or cytocenter. There is no apparent 
limit to the number that may exist in an egg (Plate III, Fig. 59; Plate 
IV, Fig. 69). The size varies greatly even in different sections of the 
same egg (Plate VI, Fig. 80). They are often circular in section and 
regular in outline (Plate III, Fig. 54; Plate II, Fig. 37), or they may 
be oval (Plate IV, Fig. 66) ; or they may be greatly elongated (Plate IV, 
Fig. 68) ; or they may be twisted (Plate II, Fig. 31; Plate LV, Fig. 70) ; 
or they may be very irregular (Plate IV, Fig. 71; Plate VI, Figs. 80, 
83). In the smaller eggs, they are often located near the periphery 
(Plate II, Figs. 33, 36, 42; Plate III, Fig. 63; Plate IV, Pig: <68 el 
assume that these are the bodies that were seen by Clark, 20. They are 
also found in the neighborhood of the cytocenter (Plate I, Fig. 23; 
Plate II, Figs. 37, 38, 51; Plate III, Fig. 54). But their greatest 
development seems to occur in the neighborhood of the germinal vesicle 
(Plate IIT, Figs. 57, 58, 59; Plate IV, Figs. 69, 70), and may partly 
surround the germinal vesicle (Plate VI, Fig. 79). It is often so close 
to the germinal vesicle as to make the hypothesis of continuity with the 
granular nucleoplasm extremely suggestive (Plate II, Figs. 37, 47, and 
Plate IV, Fig. 69, 70, and Plate VI, Fig. 79, 83). I can discover no law 
regarding its distribution throughout the egg, except that it usually 
occurs in that region of the cytoplasm which I have designated the 
cytoceel (Plate II, Fig. 31, 38, 51; Plate III, Fig. 57, 58, 59, 60, 61; 
Plate IV, Figs. 67, 69, 71; Plate V, Figs. 72, 75, 77; Plate VI, Figs. 
Ho, 80; 81,°82,)83):. 

There are good reasons for believing that this yolk-nucleus is more or 
less fluid, and that it spreads throughout the cytoplasm sometimes by 
ordinary diffusion; but, at other times, by actual currents. These cur- 
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rents or whatever else it may be, sometimes leave a track or channel 
behind, in which the granules of the matrix are scarce or almost absent. 
Consequently the cytoreticulum is especially distinct. I do not know 
how to designate this effect except by the rather awkward term plasma 
channel. 

These channels are rarely straight; they turn and twist in every direc- 
tion. Consequently a longitudinal section of such a channel is rare. 
In Plate II, Fig. 31, is represented a plasma channel in the form of a 
long, bent and twisted body with an enlargement at each end. Another 
is represented in Plate IV, Fig. 68. If the granular substance of which. 
this is composed should all flow toward one end, it would leave a tem- 
porary track in which the cytoreticulum would be evident. I take ‘it 
that such a transfer of granular matrix actually takes place. Cases can 
be found where both longitudinal but more frequently transverse sections 
of such channels occur. Such an one is very evident in Plate VI, Fig. 
78. The material having thus flown together would form a more or 
less spherical body, as appears in Plate IV, Fig. 66; Plate VI, Fig. 80, 
and Plate III, Fig. 54; Plate I, Fig. 23; Plate II, Fig. 37. It is evi- 
dent from these figures, also, that several such spherical masses often 
exist in the neighborhood of the cytocenter (Plate I, Fig. 23; Plate IT, 
Figs. 30, 37; Plate III, Fig. 54, etc.) 

Plasma Channel.—Most interesting facts to me have been such ap- 
pearances as those represented in Plate V, Figs. 72, 73, 74, serial sections 
of the same egg, where the plasma channel is actually continuous with 
the germinal vesicle. These figures are not at all exaggerated, incredible 
as it may seem. The channel is round in section. The very distinct 
cytoreticulum within this channel is certainly, so far as can be seen, 
directly continuous with the contents of the germinal vesicle. At the 
bottom of this channel the granular mass has accumulated, apparently 
while flowing out from the germinal vesicle and afterward divided into 
several currents. In Plate VI, Fig. 81, is another, somewhat elongated 
form, drawn from reconstruction of serial sections. In the different 
sections the granular mass forms a ring around the oval open space as is 
indicated in the drawing. This has been seen in other sections also. 
Most of the material here, it will be noticed, has become scattered in 
small, irregular bodies throughout the cytoccel, several such bodies also 
appearing close to the germinal vesicle. 

A comparison of Plate V, Figs. 72, 73, 74, and Plate VI, Fig. 81, 
with Plate VI, Fig. 83, suggests that the latter is similar to the former, 
in that it is more or less spherical, and is, to all appearances, connected 
with the germinal vesicle. In this case, however, the granular substance 
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has not yet flowed out of it. The light areas might suggest, perhaps, 
that it is not a mere reservoir or a single channel into which the liquid 
substance is poured, which is also suggested by Plate IV, Figs. 69, 70. 
Its connection, real or apparent, with the germinal vesicle would be 
strong evidence in favor of the theory of nuclear origin were it not for 
the marked difference in staining between it and the contents of the 
germinal vesicle. 

I have reasons for believing that it is not fatty in nature. The usual 
method of imbedding and mounting emulsifies the oil globules which 
arise in the egg during the formation of the true yolk-bodies, and causes 
‘them to disappear entirely in the prepared material, whilst, as I shall 
show presently, they are very large and numerous in material not so 
treated. 

The stains which bring this yolk-nucleus most prominently into view 
are acid fuchsin, saffranin and eosin. With these stains it is more con- 
spicuous than any other part of the egg. It often resembles archoplasm 
very closely. Its granular characteristics are most marked when stained 
with acid fuchsin and saffranin. 

I have no reason to believe that this yolk-nucleus is at all permanent 
or that it simply accumulates in the cytoplasm as the egg grows. It may, 
apparently, be present or absent in eggs of equal size. Thus, compare, 
for instance, the serial sections a, b, c, d, e, Plate III, Figs. 57-61, with 
Plate III, Fig. 62, an egg of about the same size. The cytocenter is 
present in both, but not the yolk-nucleus. 

The yolk first makes its appearance as definite spherical yolk-bodies 
when the egg has attained the size represented in Plates IV, V, VI. Itis 
certainly very suggestive that the yolk-nucleus is so very prominent 
just before the yolk-bodies begin to form (Plate V, Figs. 76, 77; Plate 
VI, Figs. 78, 79, 80). Yet the yolk-nucleus is by no means peculiar to 
this stage of growth, as it occurs just as frequently in the very smallest 
eggs of the second period of growth (Plate I, Fig. 23; Plate LI, Figs. 
30, 31, 33, etc.). 

The yolk-bodies appear as small, bead-like bodies in little vacuoles, 
one in each, arising between the subcuticular layer and the peripheral 
zone of the cytoplasm (Plate V, Figs. 72-74, and Plate VI, Figs. 78, 79, 
80). At first they are few, with long intervals between them (Plate V, 
Figs. 72-74). Later they increase, both in size and in number (Plate 
V, Figs. 76 and 77). 

They next arise in the cytoccel, forming a ring around the cytocenter 
which has now increased greatly in size (Plate VII, Fig. 84). This 
zone of yolk-bodies gradually broadens, encroaching, on the one hand, 
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on the peripheral cytoplasmic zone and, on the other hand, on the cyto- 
center. The yolk-bodies then form rapidly inward toward the central 
portion of the cytocenter, developing even in the central portion of it 
(Plate VII, Fig. 86). The yolk-bodies first formed in the cytoccel are the 
largest ; and those latest formed in the cytocenter are the smallest at this 
stage. The yolk-bodies first formed at the subcuticular layer, although 
the oldest, do not grow so rapidly. They seem to stain differently from 
the larger spheres nearer the center of the egg (Plate VII, Fig. 86). In 
a very much larger egg, the cytocenter can still be seen, having now the 
appearance of a mass of granules (Plate VII, Fig. 87). At some dis- 
tance from this, there is a zone forming a ring around the center in 
which the yolk-spheres are still very small and showing the original 
reticular cytoplasm filled: with small yolk-bodies. Notice the light ring 
surrounding the cytocenter in Plate VII, Fig. 85. The same feature is 
visible in a very much larger egg, when the yolk-bodies have become very 
large and nearly uniform (Plate VII, Fig. 88, 1. cy. c.). It is now a 
narrow ring, encircling the cytocenter about half way between the latter 
and the periphery of the egg, and consisting of closely-packed yolk-bodies 
of minute size and having considerably less affinity for the stain. Both 
in this stage and in the preceding the yolk-bodies first formed at the 
periphery have become quite large; smaller spheres have developed out- 
ward, so as to encroach on the subcuticular zone, and likewise inward. 
Yet the yolk-ring first formed has not been merged into that of the sec- 
ond, but is separated from it by a zone of minute yolk-spheres similar to 
those of the inner ring. 

Comparing the yolk of these eggs with the yolk of eggs merely killed 
with the same preserving fluid, and preserved in 70 per cent alcohol, I 
found that there are certain bodies in the latter yolk which are not to be 
seen in the mounted section (Plate VII, Fig. 89). These bodies vary 
in size, but some of them are large enough to be seen with the naked eye. 
They are yellow to the naked eye. Under the microscope they appear 
white or transparent almost like water. They become especially promi- 
nent when iodine is applied to the preparation. ‘This solution stains all 
the true yolk-bodies a deep yellow, but has no effect on the spheres under 
consideration. The yellow yolk-bodies, especially the smaller ones, seem 
to cling to the much larger white spheres so as to form clusters with the 
white spheres in the center. Smaller spheres or vacuoles can sometimes 
be seen inside the larger ones. Instead of a larger white sphere, there 
may be a bunch of very little ones having the same optical properties. 

The application of chloroform has a peculiar effect on such a prepara- 
tion. As soon as the chloroform is applied, the white globules, wherever 
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the chloroform comes in contact with them, break up into innumerable 
tiny droplets, that go spinning in all directions, setting up strong cur- 
rents in the whole mass. In this way these bodies all disappear. I take 
this to be somewhat similar to an emulsion, and the white globules to 
be of a fatty or oily nature. It is doubtless the chloroform in the 
ordinary process of imbedding, possibly also the heated paraffine which 
is responsible for the absence of these globules in the mounted speci- 
mens. 

The true yolk-spheres differ from these globules in being homogene- 
ous throughout (Plate VII, Fig. 100). Others, slightly smaller, are 
finely granular (Plate VII, Fig. 99), while still smaller ones are coarsely 
granular (Plate VII, Fig. 101). Comparing the yolk-bodies in the 
order of their size, as Figs. 98, 99, 100, 101, it appears that the inner 
granules grow smaller as the yolk-spheres grow larger, till the homo- 
geneous state is attained in the larger spheres. This might be taken 
to mean that the same sphere changes in this respect as it grows, were 
it not for the fact that many of the smaller spheres are as homogeneous 
as the largest, a fact which may mean that there are specific differences 
between the various spheres throughout their entire history. 

The egg-membrane consists of an outer homogeneous layer which 
when torn has a fibrous appearance. Within this outer layer there is 
another one having radial striations (Plate VII, Figs. 84, 85, 86, 87). 
Surrounding the ege-membrane are the follicle cells forming a compact 
single layer of approximately equal cells (Plate I, Figs. 1, 2). 

As the egg grows, it pushes out more and more from the germinal 
ridge, and becomes surrounded by a second and a third epithelial layer 
(Plate I, Figs. 1, 2). The second of these seems to be the original 
stroma cells surrounding the oogonia within the ridge. It remains 
quite closely applied to the follicle cells, but seems not to be organically 
connected with the follicle. This epithelial tunic, as well as the third 
or outer tunic, is richly supplied with blood-vessels. The third or 
outer tunic is more loosely applied, forming a loose bag, as it were, 
around the egg. It arises evidently from the peritoneal part of the 
stroma of the germinal ridge. When the egg is discharged from the 
ovary, it enters this outer bag, which serves to convey it to the oviduct. 


ON THE ORGANIZATION OF THE Ecc. 


Throughout the entire history of this egg, both the nucleus and cyto- 
plasm exist. At first the cytoplasm is very much reduced, being appar- 
ently little more than an attraction sphere with archoplasm extending 
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part way around the nucleus. There is, outside of this, a thin laye1 
of cytoplasm. 

The fibrous nature of this cytoplasm is evident, especially in the 
neighborhood of the centrosome, which is the focus of the astral system. 
The astral system is a continuation of the cytoreticulum whose fibers 
consist of microsomes apparently imbedded in a less stainable sub- 
stance. ‘The network is imbedded in a hyaline matrix, the cytolymph. 

This cytoplasmic structure is evidently continuous with a somewhat 
similar structure in the nucleus. The bead-like stainable bodies em- 
bedded in the linin network and which becomes aggregated into chro- 
mosomes, are, so far as their relation to the nuclear reticulum is con- 
cerned, similar to the cytomicrosomes. They differ, however, in their 
staining capacity, as is well known in the case of other eggs also. 

Like the cytoreticulum, the nuclear reticulum is evidently suspended 
or imbedded at first in a clear matrix or karyolymph. In both the cyto- 
plasm and in the nucleus the matrix becomes turbid through the for- 
mation of tiny granules. The deposit of these granules takes place in 
the nucleus slightly earlier than in the cytoplasm, and seems to be 
accompanied by the formation of nucleoli, just as in the cytoplasm it is 
accompanied by the formation of yolk-nuclei, and considerably later by 
the formation of true yolk-spheres. 

Evidence tending to show that these granules belong to the matrix 
both of the germinal vesicle and of the cytoplasm, is afforded, in the 
first place, by the fact that the nuclear reticulum can be séen even when 
the egg is filled with yolk, and even so late as when the germinal 
vesicle lies close under the egg-membrane (Plate VII, Fig. 87), and in 
the second place, by such appearances as are represented in Plate V, 
Figs. 72, 73, 74, and Plate VI, Fig. 81, where the granules have tem- 
porarily accumulated in one spot, and have left the meshes clear behind 
them. Here the fibrous cytoreticulum comes again prominently into 
view. If this is due to a flowing movement in the interfilar substance, 
it should afford evidence in favor of the reticular theory of protoplasm, 
as contrasted with the alveolar. The fibrous structure of the cytoplasm 
becomes again prominent, also, in connection with the cytocenter. 

I conclude that this reticulum, both of the nucleus and of the cyto- 
plasm, is the real organized substance of the egg, and that, on the 
other hand, the matrix with its contained granules possesses no organi- 
zation, no permanent form, but is lke any other chemical mixture of 
organic substances, the culture medium, so to speak, of the organized 
substance. 
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This theory of the permanence of the reticulum of the nucleus and 
cytoplasm, about which there seems to be some difference of opinion, is 
supported by the facts observed in this egg regarding the permanency 
of the attraction sphere and cytocenter and the resulting polarity of 
the egg. 

The Reticulum.—There is certainly good reason to be skeptical re- 
garding the permanency of this reticulum, and consequently of its real 
morphological value. Reagents are often held responsible for its arti- 
ficial production. To test the possible effects of reagents in this regard, 
I have made permanent preparations, by the ordinary histological meth- 
ods, of the striated muscle of an insect larva, in which the longitudinal 
fibers and the transverse striations in their minutest details are beauti- 
fully shown. On examining the living larva with the same magnifying 
power, I found that I could see every detail about as plainly in the liv- 
ing contracting muscle. These details in the living muscle were not 
altered in the least in the prepared material except that the fibers and 
their verrucosities were made more conspicuous. 

The Centrosome——The regular arrangement of the microsomes and 
radial fibers, immediately surrounding the centrosome in the resting 
state, points to a primitive and permanent architecture in the midst of 
this complex system of fibrils. In my work on the egg of Limulus, 61, 
I came to the conclusion that the vitalline-body in that egg is a direct 
continuation of the centrosome of the dividing oogonia, just as I have 
been forced here to believe that the cytocenter in the later stages of the 
egg of the tortoise is a continuation of the centrosome of the dividing 
oogonia. Wilson, 84, has intimated that these bodies, like ordinary 
yolk-nuclei, may be the result of metabolic activity of the nucleus, and 
that the entire cytoplasm may be derived from the germinal vesicle. 
The evidence of continuity of the cytocenter with the centrosome is 
more conclusive in the egg of the tortoise, and it is, furthermore, so 
radically different from the yolk-nucleus as previously described, that it 
seems rash to insist on any identity between the two. I can readily 
admit that so much of the facts as could be shown in the plates of my 
work on Limulus was not sufficient to establish such a vital point, and 
that even all that I could gather in four years of continuous study of 
that egg was not equal to the amount of labor expended. In a pro- 
longed study of this kind, one naturally, I suppose, forms certain gen- 
eral conclusions which cannot be gained from a mere inspection of the 
plates. Yet, what is evidently needed is positive, not negative evidence 
of normal not abnormal or pathological conditions. 
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The evidences, so far produced by writers, of the disintegration and 
disappearance of the centrosome are all of a negative rather than a 
positive nature. Negative evidence of such a body as the tiny gran- 
ule of the centrosome, or even of the surrounding microsomes and 
radial fibers in the midst of a granular cytoplasm, may well create 
doubt rather than conviction, to say the least. The few cases of mul- 
tiple centrosomes, with which we have been. made familiar, were either 
admittedly pathological, or else would seem to be temporary aggrega- 
tions of the cytoreticulum having no connection whatever with a normal 
centrosome. About all that can be said concerning pathological cen- 
trosomes, if they be centrosomes at all, is that they are what they are 
admitted to be, namely, pathological. Such evidence must be of doubt- 
ful value in estimating normal structures. And when a few such ab- 
normal structures are made the foundation of a whole system of beliefs, 
as sometimes seems to be the case, what assurances have we that the 
whole system is not as abnormal as the foundations on which it rests? 
In the granular cytoplasm, like that of the egg, it is a comparatively 
easy matter to find centrosomes almost anywhere, especially if one has 
multiple centrosomes in the eye to begin with. Thus, in mounted sec- 
tions of eggs like that represented in Plate VII, Fig. 87, a very regular 
and pretty radial system of fibers surrounds those large yolk-bodies 
that do not lie too closely packed for it to be seen. But who would say 
that these yolk-bodies are centrosomes, or that such a system is homol- 
ogous to a true aster or even comparable to the cytocenter as seen in 
these eggs? 

The evidence of the continuity of the centrosome of the dividing 
oogonia with that of the growing oocyte, is more satisfactory, it seems 
to me, in this egg than in the egg of Limulus, and has tended to 
strengthen my belief in the correctness of the views expressed in my 
paper on that subject. 

That there is some constant relation between the cytoplasm and the 
germinal vesicle, and that the latter is not merely a chemical mixture, 
is suggested, first, by its constant position in the cytoplasm, its con- 
stant relation to the cytoccel, and hence the cytocenter; second, by its 
constant form, the persistence of the chromatin network, as well as 
the peripheral arrangement of the nucleoli. I can find no evidence 
that these nucleoli are influenced by gravity. No matter in what plane 
the germinal vesicle is sectioned, the nucleoli are about equally dis- 
tributed at its periphery. 

Chemical Processes.—One is almost forced to believe that the nu- 
cleoplasm, which makes its appearance after caryokinesis of the oogonia 
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on the reconstruction of the nucleus is due to metabolic activity of the 
chromosomes. The granules, which accumulate in this hyaline karyo- 
lymph in the second stage of the egg, seem also to be the result of chemi- 
cal action of some kind. 

It is claimed by many observers that chromatin passes out from the 
germinal vesicle in some eggs and becomes changed in the cytoplasm 
either directly into yolk, or assuming temporarily the form of yolk- 
nuclei, is either finally absorbed by the cytoplasm or else later converted 
into yolk. No satisfactory proof of this elimination of chromatin has 
yet been given. In the present case, it would be natural, perhaps, to 
infer that the yolk-nucleus in this egg has such an origin. Its relation 
to the germinal vesicle is such as to suggest such an origin. But its 
staining reaction is such as to render that interpretation doubtful. All 
parts of the germinal vesicle stain deeply in nuclear stains. With pos- 
sibly the exception of borax carmine, the yolk-nucleus resists these 
stains more than any other part of the egg. Saffranin, acid fuchsin, 
and eosin differentiate it, but stain also the granules of the germinal 
vesicle. Saffranin is especially favorable in this regard. With these 
stains, therefore, one is strongly impressed by the similarity of the 
granules of the yolk-nucleus with those of the germinal vesicle, and 
would very easily be convinced that the presence of the yolk-nucleus in 
the immediate neighborhood of the germinal vesicle means the origin 
of the former from the latter. The application of carmine or hema- 
toxylin, however, changes matters entirely, for, while the nucleus is 
deeply affected, the yolk-nucleus is not in the least affected by these 
stains. Wilson seems to recognize this difficulty, but avoids it by 
assuming that a chemical change takes place in the chromatin on enter- 
ing the cytoplasm. It must be evident that such a chemical change 
would involve a contribution of some sort by the cytoplasm through 
which the chemical change, if such there be, is brought about. 

In my work on Limulus, 61, I differentiated the substance in the 
neighborhood of the germinal vesicle by means of Lyon’s blue. I fur- 
ther noticed that, in certain phases of the germinal vesicles of that egg, 
a clear zone appeared around it, which I took to mean the extrusion 
of karyolymph. I believe that interpretation is the correct one, and 
that the granular yolk-nucleus, even in this egg, is due to chemical 
union of karyolymph with some substance in the cytoplasm. It is, so 
far as I can see, an amorphous chemical substance in the cytolymph, 
more or less fluid and capable of a flowing movement between the fibers 
of the reticulum ‘The frequency with which it occurs in eggs of the sec- 
ond stage, as well as its frequency in the cytoccel, and its scattered 
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condition would certainly suggest that it has something to do with 
yolk-formation as is frequently asserted. It is often found in rather 
small patches scattered throughout the cytoplasm, especially in the peri- 
pheral zone. And this condition seems to be most frequent at about 
that period in the egg’s history when the true yolk-bodies arise. 

There, are, however, other facts which almost preclude the possibility 
of this substance being converted into yolk-bodies directly. In the 
first place, the yolk-bodies arise, first between the peripheral zone and 
the subcuticular layer where the yolk-nucleus is rarely to be seen. In 
the second place, the yolk-nucleus exists in the egg when the cytoplasm 
is merely granular. The yolk-nucleus makes its appearance as soon as 
ihe cytoplasm assumes its granular appearance and may be found up 
to the time of true yolk-formation. 

I am, therefore, led to the following conclusion regarding the yolk- 
nucleus: Jt is a kind of metaplasm (or archoplasm) arising in the 
neighborhood of the germinal vesicle through the combined influence 
of the nucleus and cytoplasm. From the place of its formation, it 
diffuses or flows throughout the cytoplasm where it serves as a culture 
medium of the living substance of the egg; in other words, it serves as 
food. The true yolk-bodies are a secretion of the living substance of 
the cytoplasm. 

The growth of the egg seems to be due largely to the growth of the 
cytocenter, originally the centrosome. As this expands, the germinal 
vesicle approaches more and more the periphery, and is consequently 
greatly removed from the cytocenter formerly so near to it. It still 
retains its relation to the cytoccl, and this is possible because the 
peripheral zone becomes greatly thinned out owing to the expansion of 
the cytocenter and the accumulation of yolk-bodies within the latter. 
Reference to the plates will make this clear. By comparing the differ- 
ent regions of the cytoplasm in the earlier stages with the large eggs 
represented in Plate VII, the region of greatest growth is easily seen 
to be the central portion corresponding to the original sphere. The 
region of greatest growth is also the region where the greatest amount 
of yolk accumulates; hence the vegetative pole. 

Polarity of the Egg.—The polarity of this egg is marked from the 
beginning and is determined by the relative position of the cytocenter 
and the germinal vesicle. In the young oocyte, immediately after the 
telophase of caryokinesis of the oogonium, the centrosome remains, as 
already stated, at one pole of the nucleus, now the germinal vesicle. 
The uniaxial feature of the spindle in that division remains in the 
young oocyte, being determined, in this stage, as in later stages, by the 
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position of the nucleus and centrosome respectively. The pole at which 
the centrosome is located becomes the vegetative pole, due, as I have 
shown, to the fact that it especially is the center of cytoplasmic growth. 

The egg axis has no fixed relation to other parts of the ovary. I 
found this to be true, also, of the egg of Limulus. Nor does the. eccen- 
tricity of the germinal vesicle show any fixed relation to the source of 
food so far as this can be determined in this egg. The egg of Limulus 
being related to a germinal epithelium rather than to a follicle, was 
especially favorable for the determination of that question, the source 
of food being there easily Jetermined. In that egg, also, the eccen- 
tricity of the germinal vesicle bore no constant relation to the source 
of food. I was led in the study of that egg to the conclusion, which 
I am forced to accept here, that the egg axis is determined from the 
beginning by the position of the germinal vesicle and centrosome, and 
that neither gravity nor the topographical relation of the egg to other 
tissues has any important influence in the matter. 
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p. 2.—Peripheral zone. o. y. l—Outer yolk-layer. 
c. c.—Cytocenter. se. l—Subcuticular layer. 
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EXPLANATION OF PLATES. 


PLATE I. 


Fic. 1. Longitudinal section of a germinal ridge of the ovary of the 
tortoise, showing the stroma cells, nuclei of oocytes and caryokinesis of 
oogonia; also varying stages of growing oocytes with the beginnings of 
nucleoli in the germinal vesicle; the centrosome and its transformation into 
the cytocenter of the large eggs; also the variation in direction of the egg 
axis. The largest egg is a section at right angles to the egg axis showing the 
cytocenter, and the yolk-nuclei in the cytocel. In the next largest egg are 
also seen various larger forms of the yolk-nucleus. Here also is seen the 
relation of the egg to the two outer epithelial tunics, in the outer of which a 
blood-vessel is seen. 

Fic. 2. Transverse section of germinal ridge near the proximal end, show- 
ing various stages of the egg with its follicle, and its tunics as in Figs. 1, with 
the centrosome and sphere variously developed, and yolk-nuclei scattered 
throughout the cytoplasm of one of the large eggs. This shows also the 
variation in the egg axis. 

Fic. 3. Horizontal section of the germinal ridge showing oogonia of 
various sizes, their final division by caryokinesis, and the formation of 
follicle and oocytes. 

Fig. 4. Large oogonium showing surrounding stroma cells, a centrosome 
with two rings of microsomes—the essential structure of an oocyte at the 
beginning of growth. 

Fic. 5. Oogonium with surrounding stroma cells and centrosome previous 
to division. 

Fic. 6. Spindle stage of the oogonium, first phase of the division period. 

Fic. 7. Two-cell stage of the oogonium previous to the second division. 

Fic. 8. Second division of the oogonium leading to the four-ce]l stage. 

Fiag. 9. Four-cell stage of the oogonium after the second division. 

Fic. 10. A group of cells probably resulting from the third division of the 
oogonia. 

Fic. 11. The first differentiation of the oocyte from follicle cells, showing 
archoplasm and centrosome in the cytoplasm of the oocyte, and a central body 
in the nucleus of the follicle. 

Fie. 12. Growing oocyte, showing traces of the centrosome and the cres- 
cent-shaped archoplasmic body at one pole of the nucleus. 

Fic. 13. Section of growing oocyte at right angles to the egg axis through 
the centrosome and sphere, showing its central position in the cytoplasm, 
a very distinct sphere with its distinct central body, centrosome, in the 
center of a lighter area. 

Fic. 14. Oocyte with pronounced polarity, showing its oval shape, and by 
the position of the circle of microsomes with indistinct central granule, 
its relation to the germinal vesicle, a relation which is maintained through- 
out its succeeding history. 

Fic. 15. Oocyte showing the archoplasm forming a ring partly enclosing 
the germinal vesicle, probably also the first beginning of a nucleolus in the 
germinal vesicle. 

Fic. 16. Oocyte showing the relation of the centrosome and sphere to the 
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germinal vesicle, a clear area around the centrosome, and an accumulation of 
eranules in the nucleus, probably the beginning of a nucleolus. 

Fic. 17. Oocyte more highly magnified, showing the nuclear reticulum, 
the bead-like chromatin bodies of various sizes, and in the cytoplasm a cen- 
trosome with its two rings of microsomes and their relation to the germinal 
vesicle. 

Fig. 18. A more advanced oocyte with the first undoubted nucleoli in the 
germinal vesicle, and the cytoplasm filled with granules that obscure the 
microsome rings of the sphere. 

Fia. 19. A still more advanced egg with a conspicuous sphere. 

Fig. 20. Growing egg with a more or less fibrous archoplasmic sphere. 

Fig. 21. Egg with large, almost homogeneous cytocenter, probably due to 
the kind of stain (hematoxylin) used. 

Fig. 22. Egg showing a typical sphere consisting of a central body, centro- 
some, a clear zone surrounded by a circle of microsomes, which again is 
surrounded by a zone of radial fibers extending to the cytocel, or outer circle 
of microsomes. 

Fic. 23. Growing egg with true peripheral nucleoli in the germinal vesicle, 
and in the cytoplasm a cytocenter with astral radiations and two oval yolk- 
nuclei in its immediate vicinity. 

Fia. 24. Egg with a rather large, homogeneous centrosome, surrounded by 
a zone archoplasm. , 

Fic. 25. Egg with a very large, apparently homogeneous protoplasmic 
cytocenter with a clear ring around it, and bearing a definite relation to the 
germinal vesicle. 

Fig. 26. Egg with a distinct centrosome, cytocenter with astral radiations 
surrounding it; also in the cytoplasm a yolk-nucleus. 


PLATE II. 


Fia. 27. Egg with a large homogeneous cytocenter having very much the 
appearance of archoplasm. 

Kia. 28. Ege with an indistinct circle of microsomes and astral radiations 
packed into a bundle on one side giving the cytocenter an elongated appear- 
ance, and extending nearly to the periphery of the egg. 

Fig. 29. Ege showing the open cytocel, the outer limit of the cytocenter, 
and its relation to the germinal vesicle. The peripheral zone of cytoplasm 
extending from this cytoccel to the periphery, is here clearly seen. 

Fic. 30. Section of an egg showing a cytocenter in form of an aster with 
a large yolk-nucleus on one side. The multiplication of nucleoli and their 
variation in size is here evident. 

Fic. 31. A somewhat larger egg with an elongated body, probably a com- 
bination of the archoplasm of the cytocenter with yolk-nuclei. 

Fig. 32. Section of egg showing a simple spherical cytocenter, possibly a 
yolk-nucleus. 

Fig. 33. Section of egg at right angles to the egg axis, showing cytocenter 
with astral radiations, and peripheral yolk-nuclei. 

Fig. 34. Section of an egg showing cytocenter with two’circles besides the 
inner one, and the relation of the outer circle, cytocel, to the germinal 
vesicle; a slight indication of astral rays. 
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Fic. 35. Egg showing the cytocenter with a clear open space part way 
around it, the cytocel, with some indications of radial striations in the 
cytoplasm of the peripheral zone. 

Fig. 36. Ege showing a cytocenter with a centrosome, and a yolk-nucleus 
in its immediate neighborhood, and several at the periphery. 

Fic. 37. Section of an egg showing an aster-like cytocenter, with a larger 
yolk-nucleus between it and the germinal vesicle and two opposite, not very 
distinct in the plate. 

Fig. 38. Section of an egg, showing the cytoreticulum very distinctly and 
a cytocenter composed of circles of microsomes, in the midst of which are 
several yolk-nuclei. 

Fic. 39. Section showing cytocenter with central granules; its relation to 
the germinal vesicle; yolk-nuclei at the periphery, and one near the center. 

Fig. 40. Section of an egg showing cytocenter in form of a sphere, with 
clear central globule, circle of microsomes, and astral radiations; also many 
concentric zones in the cytoplasm. 

Fic. 41. Section of an egg, showing the chromatin network in the germ- 
inal vesicle, numerous nucleoli, and a homogeneous cytocenter having the 
appearance of archoplasm. 

Fic. 42. Section of an egg, showing cytoreticulum, a cytocenter with radial 
striations apparently continuous with the cytoreticulum, and bounded by a 
circle of large microsomes, the cytoccl; in the peripheral zone a large yolk- 
nucleus. : 

Fig. 43. Section of an egg with a cytocenter in which the central granules 
are most marked; a clearer zone surrounding it in which the granules of 
the cytoplasm are not so marked. 

Fic. 44. Section of an egg showing three large yolk-nuclei and some 
smaller ones. The cytocenter of this egg is in another section, not here 
represented. 

Fig. 45. Section showing a large cytocenter apparently homogeneous and 
feebly stained. It resembles archoplasm. 

Fic. 46. Section of an egg, showing cytocenter with an unstained central 
globule, surrounded by archoplasm, and this again surrounded by an outer 
irregular ring of archoplasm shading imperceptibly into the general cyto- 
plasm; in the germinal vesicle, nucleoli and chromatin network in the 
midst of a granular caryolymph or ground-substance. 

Fic. 47. Section of an egg, showing cytocenter consisting of a central, 
eranular spherical body, surrounded by a ring of similar substance, a lighter 
ring separating them; a similar ring bounding the outer circle from which 
radial striations are evident on two sides, a small yolk-nucleus close to the 
germinal vesicle. 

Fie. 48. Section of an egg showing a homogeneous cytocenter with slightly 
darker central portion; in the germinal vesicle a headed nuclear reticulum. 

Fic. 49. <A section showing a cytocenter with a somewhat indistinct central 
portion and an outer zone of reticulated fibrils. \ 

Fia. 50. Section of an egg of the tortoise showing germinal vesicle with 
peripheral nucleoli, chromatin bodies and a typical cytocenter resembling 
an attraction sphere with a central centrosome, and surrounded by an indis- 
tinet zone bearing a constant relation to the germinal vesicle. 
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Fig. 51. Section of an egg showing a cytocenter similar to the preceding 
as regards the number of circles or zones, but in which the reticulum of 
the outer zone is more distinct; also yolk-nuclei in the cytocel or outer limit 
of the cytocenter. 

PLATE III. 


Fig. 52. Section of an egg at right angle to egg axis, showing the cyto- 
center consisting of a dark central body surrounded by a light ring which 
again is surrounded by a system of radial fibers like an aster; a number of 
yolk-nuclei in the cytoplasm. 

Fig. 53. Section of egg showing the zones of the cytoplasm, the subcutic- 
ular, peripheral, the cytocel and finally the zones of the cytocenter; yolk- 
nuclei in the cytoplasm. 

Fig. 54. Section of an egg showing germinal vesicle with peripheral nu- 
cleoli, some of which are vacuolated; and besides the bead-like nuclear retic- 
ulum; a fibrous cytocenter resembling an aster; one large, round yolk-nucleus, 
and two smaller ones. 

Fic. 55. Section of egg at right angles to the egg axis showing central 
body, cytocenter and the cytoplasmic zones around it. 

Fig. 56. Section showing cytocenter in the form of an aster and a central 
body, centrosome and surrounding granular zone; a germinal vesicle showing 
peripheral nucleoli and chromatin bodies arranged in rows. 

Fias. 57, 58, 59, 60, 61. Serial sections of the same egg, at right angles 
to the egg axis, showing (a) yollk-nuclei near the germinal vesicle; still more 
of them in (b) where the section passes through the center of the germinal 
vesicle, yet more in (c) where many of them are grouped around the pole 
of the germinal vesicle next to the cytocenter; the aster-like cytocenter in 
(d) surrounded by numerous yolk-nuclei; the central sphere (e) with radial 
fibres on one side and numerous yolk-nuclei arranged in a circle around it. 

Fic. 62. Section of an egg, showing germinal vesicle, peripheral nucleoli, 
nuclear network, and a cytocenter consisting of a network of deliate fibres. 

Fic. 63. Section showing germinal vesicle, with peripheral nucleoli, and 
bead-like chromosomes imbedded in a somewhat granular karyolymph or 
nuclear matrix. A large spherical cytocenter with distinct astral rays evi- 
dently continuous on one side with the cytoreticulum, at the periphery a 
large yolk-nucleus. 

Fig. 64. Section of an egg showing germinal vesicle; cytocenter with 
archoplasmic zone and astral rays in the cytoplasm and numerous yolk-nuclei 
in the peripheral zone of the cytoplasm. 

Fig. 65. Section of egg showing germinal vesicle and cytocenter; section 
not parallel with egg axis; cytocenter and germinal vesicle in different sec- 
tions hence the closeness of one to the other. The cytocenter appears dia- 
grammatic, but a true representation of very many of these centers, the large 
microsomes being slightly exaggerated. 


PLATE IV. 


Fic. 66. Section of an egg showing a single large vitelline-body of homo- 
geneous substance resembling archoplasm occupying a somewhat eccentric 
position in the cytoplasm and staining very similarly to*the granular matrix 
of the germinal vesicle. 
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Fic. 67. Section showing germinal vesicle with distinct nuclear reticulum, 
composed of spherical chromosomes of various sizes, and also numerous peri- 
pheral nucleoli; a cytocenter with a clear center and two archoplasmic zones; 
in the cytoplasm, also, numerous small yolk-nuclei arranged principally in 
the cytocel. 

Fic. 68. Section showing germinal vesicle with chromatin network; cyto- 
center with astral rays; an elongated yolk-nucleus connected with the peri- 
phery and a smaller one at opposite pole similarly connected. 

Fic. 69. Section showing germinal vesicle; a cytocenter with central 
body surrounded by a denser zone, and an outer reticular zone. In the 
cytocel, are numerous small yolk-nuclei and near the germinal vesicle a 
large irregular body staining like the smaller ones and apparently contin- 
uous with the germinal vesicle. 

Fic. 70. Section of egg showing a reticulated irregular cytocenter; a dis- 
tinct germinal vesicle in the neighborhood of which there is a conspic- 
ous irregular yolk-nucleus apparently continuous with the granular matrix 
of the germinal vesicle. 

Fig. 71. Section showing germinal vesicle with distinct nuclear retic- 
ulum, and peripheral nucleoli; a reticulated cytocenter with central con- 
densation; a large round yolk-nucleus and several very irregular ones 
forming a more or less continuous mass in the cytccel; several smaller 
yolk-nuclei in the neighborhood of the germinal vesicle. 
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Fics. 72-74. Three serial sections of an egg, showing sections of the 
germinal vesicle, plasma channel, yolk-nuclei and cytocenter; a few true yolk 
spheres near the periphery close to the subcuticular layer. 

Fic. 72. Section showing connection of the plasma channel with the 
germinal vesicle; the cytoreticulum in the plasma channel very distinct, 
and an irregular yolk-nucleus apparently connected with it; two other large 
yolk-nuclei and many small ones in the cytocel, and true yolk-bodies at peri- 
phery. 

Fie. 73. Section of same egg as 72, showing further the connection of the 
plasma channel with the germinal vesicle on the one hand and the yolk- 
nucleus on the other hand; several yolk-nuclei in the cytoplasm; a distinct 
cytocenter with evident astral radiations, showing the contrast between a 
true cytocenter and the yolk-nucleus; the first yolk spheres as in the pre- 
ceding section. 

Fic. 74. A section of the same egg as Fig. 72 and 73, showing yolk- 
channel; and the various forms of yolk-nuclei and their distribution. 

Fic. 75. Section of an egg showing germinal vesicle; yolk-nuclei and their 
relation to the germinal vesicle and the cytocel; a large oval yolk-nucleus; 
a reticulated cytocenter. 

Fig. 76. Section of egg showing numerous small yolk-nuclei and their 
apparent connection with the germinal vesicle; numerous true yolk-spheres 
near the subcuticular zone. 

Fic. 77. Section of egg showing nucleoli distributed apparently throughout 
the germinal vesicle, but really due to the fact that the section has passed 
near one pole of the germinal vesicle which on that account is smaller than 


346 The Oogenesis of the Tortoise 


usual, numerous yolk-nuclei distributed throughout the cytoplasm; an irreg- 
ular cytocenter; first yolk-bodies at the subcuticular zone of cytoplasm. 


PLATE VI. 

Kia. 78. Section of an egg showing germinal vesicle; numerous yolk- 
nuclei in cytocel; a plasma channel; a reticular cytocenter; the first true 
yolk-bodies. 

Kia. 79. Section of an egg through the germinal vesicle, nearly at right 
angles to the egg axis, showing the germinal vesicle and the relation to it 
of the large yolk-nucleus forming an incomplete ring around the germinal 
vesicle; numerous smaller yolk-nuclei scattered throughout the cytoplasm; 
also the first yolk-bodies at the subcuticular layer of cytoplasm. 

Kia. 80. Section of an egg, showing germinal vesicle, peripheral nucleoli, 
and many small yolk-nuclei surrounding it; a conspicuous aster-like cyto- 
center, and numerous large yolk-nuclei both regular in outline and also very 
irregular and staining very deeply; yolk-bodies at the periphery. 

Kia. 81. Section of an egg, showing a germinal vesicle with peripheral 
nucleoli and many small yolk-nuclei surrounding it; a plasma channel ap- 
parently connected with the germinal vesicle, as seen from reconstructed 
serial sections; numerous yolk-nuclei occupy the cytoceel and seem to sur- 
round the plasma channel as if issuing from it; a somewhat reticulated 
cytocenter having no similarity to the yolk-nuclei. 

Ira. 82. Section showing the germinal vesicle with bead-like chromosomes, 
peripheral nucleoli; yolk-nuclei, and their relation to the germinal vesicle 
and to the cytoceel; a spherical, definitely bounded cytocenter with granular 
center and reticulated outer portion. 

Kia. 838. Section showing germinal vesicle with nucleoli; and a large 
spherical yolk-nucleus connected with the germinal vesicle; numerous smaller 
ones in the cytoceel; a spherical cytocenter. 
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Kia. 84. Section of an egg, showing germinal vesicle; a fibrous cytocenter, 
surrounded by a zone of cytoreticulum; the order of yolk formation in zones— 
the outer yolk zone just under the subcuticular zone, and the second in the 
cytocel. 

Kia. 85. Section of an egg considerably larger than the previous, showing 
the relative increase of the two yolk zones and the relation of these to the 
germinal vesicle and to the cytocenter, c.c. The cytocenter is surrounded by 
a zone of protoplasm, the inner cytocoel, 7. cy. ¢.; this again surrounded by 
the inner yolk layer, i. y. Ll, this surrounded by the outer cytoceel 0. cy. ¢., 
followed by the outer yolk layer, o. y. 1; outside of this the subcuticular layer, 
sc. l. Surrounding the subcuticular layer is the striated membrane, st. m., 
outside of which is the homogeneous membrane, h. m., the two constituting 
the egg membrane or chorion. The follicle, 7#., forms a single layer of cell 
surrounding the egg. 

Mia. 86. Section of an egg more advanced than the preceding as is evident 
from the greater development of the yolk. The yolk-bodies have encroached 
on the cytocenter which is reduced to a crescentic mass of granular sub- 
stance staining differently from the rest of the cytoplasm. The section shows 
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the relation of the yolk to the cytoccel and the relation of the latter to the 
germinal vesicle. 

Fic. 87. Section of large egg, showing the germinal vesicle at the peri- 
phery, and the cytocenter, now an irregular mass of deeply staining granules. 
The outer zone has become narrowed by the encroachment of the inner yolk 
layer; the inner cytocceel still visible as a spongy zone of protoplasm. 

Fic. 88. Section of a large egg, showing the cytocenter surrounded by 
fully developed yolk granules; the inner cytocel, 7. cy. ¢., noW a narrow 
zone of uniformily small yolk-bodies; the peripheral zone, p. z., now filled 
with well developed yolk-bodies especially in the inner yolk layer, 7%. y. l.; 
the outer cytoceel, 0. cy. c., evident from the less perfectly developed yolk- 
bodies resembling those of the inner cytoceel, i. cy. c.; the outer yolk layer, 
o. y. 1., with well developed yolk-boeies: and the subcuticular layer, sc. 1. 

Fic. 89. Portion of the yolk of the largest eggs showing yolk formation 
and oil globule. Killed in the usual way, but not imbedded. Mounted on the 
slide and treated with iodine, showing oil globules unstained by iodine; 
arrangement of yolk-bodies around these large unstained globules, and their 
occasional breaking up into clusters of smaller globules often containing 
a large one in the center. 

Fic. 90. Section of a cytocenter highly magnified, showing a small dark 
central body, surrounded by indistinct zones of granules, the outer less dense, 
and this again surrounded by a third outer zone apparently loosely reticulated 
in the meshes of which there seems to be a system of astral rays proceeding 
from the central mass. 

Fia. 91. Section of a germinal vesicle in the early stage of development 
before true nucleoli have developed, and before the nuclear matrix has 
become opaque by the formation of granules. 

Fic. 92. The ovary of the tortoise as seen with the naked eye, showing 
the various stages of the developing eggs. The smallest eggs mark the posi- 
tion of the germinal ridges lying between the larger eggs. 

Fias. 98, 94, 95. Oogonia showing increase in size previous to division to 
form oocytes; stroma cells, with no follicle yet formed; nucleus in various 
stages of growth; the attraction sphere; the relation of the latter to the 
nucleus and to the outer protoplasmic zone of cytoplasm, the peripheral zone. 

Fics. 96 and 97. Young growing oocytes, showing in the young germinal 
vesicle, bead-like chromatin network apparently imbedded in band of un- 
stained linin substance; nucleoli forming in the interior, some of them 
already vacuolated; typical spheres with indistinct centrosomes, but distinct 
circles of microsomes*with evidence of radial striations proceeding outward 
from the center; the relation of the sphere (cytocenter) to the germinal 
vesicle; the evident cytocel, cy. c., Fig. 97, separating the cytocenter, ¢. c., 
from the peripheral zone of cytoplasm, p. 2. 

Kia. 98. Yolk-bodies of various sizes stained in iodine and showing in 
the larger a central body that is not so strongly affected by the stain and 
appearing like vacuoles but evidently some differentiated solid substance. 

Fia. 99. Yolk-body composed of minute spherical granules throughout. 

Fic. 100. Yolk-sphere homogeneous throughout. 

Fig. 101. Smaller yolk-body filled with smaller yolk spheres but larger 
than those of Fig. 99. 
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The investigation, the results of which are here described, was pro- 
posed to me by Dr. C. O. Whitman, and the work has been carried on 
under his direction, being designed as part of a more general work 
upon the Natural History of Pigeons. My thanks are due to Prof. 
Whitman for his encouragement and suggestions and his assistance in 
obtaining the material. 

In this paper the aim has been to get a view of that period of develop- 
ment of the bird’s egg which has hitherto been scarcely touched upon, 
including the maturation, fertilization and early cleavage. Material was 
obtained from only one species, the common pigeon, Columba livia 
domestica. On account of the prolonged breeding season of pigeons 
and the ease with which they may be kept in confinement, they are 
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certainly better adapted to furnish material for studies of this sort 
than any other bird. 

About the early development of the large meroblastic eggs compara- 
tively little is known. ‘This has remained true in spite of the thorough- 
ness with which the embryonic stages of selachian and chick have been 
studied. As a result of the work of a number of investigators, chiefly 
Riickert, there is now a fairly complete general survey of the fertilization 
and early stages of the selachian egg. Observations upon the early 
development of the bird’s egg are very few. Some of the early cleavage 
stages of the chick were figured by Coste, and Balfour contributed some 
observations. The internal phenomena of the egg during maturation, 
fertilization and early cleavage have remained an open field for investi- 
gation. 

Upon the ovarian history of the bird’s egg observations have been 
quite numerous. The paper of Holl, go, upon the hen’s egg may be 
mentioned as one of the most important. 

The development of the large meroblastic eggs obviously presents 
numerous problems. In this paper the stages of the egg obtained are 
scattered over a considerable period, and present glimpses of various 
phases of maturation, fertilization and early cleavage. A few stages 
of the ovarian egg have also been introduced. 


MeETHOps. 


The method followed has been to fix the whole egg before attempting 
to remove the germinal area. The oviduct is removed, the position of 
the egg being carefully noted, as this enables one to judge the approxi- 
mate stage in development and determines the subsequent treatment in 
staining. The portion of the oviduct containing the egg is then cut off, 
immersed in the fixing fluid and slit open underneath the liquid. In 
case of an egg which is free in the body cavity, with some caution the 
body may be inverted over the fixing fluid, allowing the egg to drop 
out. The large ovarian egg may be fixed long enough to allow the fluid 
to penetrate the disc, then hardened in alcohol and the germinal area 
subsequently dissected out. 

The choice of fixing fluids is somewhat limited, since many of them 
leave the disc too brittle to stand the subsequent treatment, and washing 
in water is undesirable. The picro-acetic mixtures have been chiefly ~ 
used. Long fixation is not necessary or desirable, owing to the swelling 
of the yolk, which is apt to distort the disc. 

‘It is well to cut out a considerable portion of the surrounding yolk 
with the disc and then to float this piece into a shallow watch-glass and 
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allow it to remain with the convex surface down in the watch-glass 
through the washing and hardening treatment. Lying on a flat surface 
tends to warp and often crack the disc. _ It should be trimmed evenly all 
around to overcome the tendency to curl in one direction. Occasionally 
the egg membrane will come off easily before or even after fixation. 
If not, the sharpness of the knife must be depended on to overcome this 
difficulty. Of course the knife should strike the inner side of the disc 
in its descent. 

The abundance of the yolk and its obscuration of other structures 
would seem to make it desirable to use a stain which should mask the 
yolk as much as possible. In-all but the fertilization stages the nuclei 
are surrounded by areas tolerably free from granules, and this is especi- 
ally true of the sperm nuclei in their later divisons, which are sur- 
rounded by very large granule-free areas. For this reason the iron-alum 
hematoxylin stain is workable, and possesses besides an adyantage in 
differentiating certain areas in the cytoplasm during its amceboid changes, 
which are less conspicuous with a stain which masks the yolk. The dif- 
ferent degrees of extraction of the stain in the different areas of the 
cytoplasm is a highly desirable feature. 


SOME OBSERVATIONS ON THE BREEDING HABITS OF THE COMMON 
PIGEON. 


The fact that the pigeon breeds so readily in confinement makes 
possible a close observation of its breeding habits. As is well known, 
the special instincts displayed in connection with reproduction are more 
highly developed in the pigeon than in the common fowl. These com- 
plex instincts are associated with monogamy, which reaches a type of 
development in the pigeon which is very high among birds. For 
example, the feeding of the young with “ pigeon milk” may be men- 
tioned. It is only with the earlier manifestations of the reproductive 
instincts prior to egg-laying that we are here concerned. 

It might be supposed that in the case of a domesticated bird breeding 
readily in confinement, such as the pigeon, some approach might be 
made toward an exact method for determining the time of fertilization 
of the egg. The time of egg-laying is approximately definite, as all 
breeders know. The common pigeon ordinarily lays two eggs at a sit- 
ting, occasionally only one. The first egg is regularly laid late in the 
afternoon. The second egg will be laid early in the afternoon of the 
second day following. 

It is evident that the determination of the time of fertilization of the 
second egg of the pair and the length of time taken in its passage 
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through the oviduct would be a simpler matter than to determine from 
external signs when the first egg is fertilized. It has been found that 
after the first egg is laid, in the course of a very few hours the second 
ege becomes detached from the ovary, is fertilized, and passes into the 
oviduct. 

As stated above, the first egg is laid late in the afternoon. LHarly in 
the evening the second egg becomes free from its capsule in the ovary 
and enters the oviduct. In all cases observed this has taken place 
between seven and nine o'clock. The time taken in passing down 
the oviduct is relatively short, the far larger part of the time which 
elapses before the egg is laid being spent in the lower portion, known as 
the uterus, or shell-gland. It is evident that the second egg of a pair 
may be obtained at approximately any stage desired, beginning with a 
period a few hours before its fertilization. 

The question arises whether there may be any criteria found for judg- 
ing the time of fertilization of the first egg. It might be thought from 
analogy with the mammalia that the time of copulation would furnish 
such a criterion. It is quite plain from the regularity of the history 
of the second egg, as given above, that the exact period when the egg is 
freed from its capsule is dependent upon the female organization, and 
would be likely to occur at some definite period, probably at night. A 
moment’s thought would, however, make it plain that it is highly 
improbable that a periodical receptivity, or period of heat, should be 
displayed by the female at this time. Experience of the writer has 
shown that any violent movement of the animal at this time is likely 
to result in a broken egg. Of course, such an egg as the bird’s cannot 
be retained in the oviduct to await fertilization. Sperms are stored 
in advance, and the critical passage of the egg, after leaving its tough 
capsule in the ovary, through the oviduct till it acquires its coating of 
albumen and a shell, occurs at night. when there are no movements 
of the animal to endanger its safety. The period of receptivity of the 
female is prior to this series of events. Copulation is repeated so often 
that no definiteness could be attached to it as a criterion. The question 
then arises whether the period of receptivity of the female has any 
definite duration, so as to indicate in this way when the maturation of 
the egg is taking place. From analogy with the mammal and with 
many birds, such as the common fowl, we commonly think of ovulation . 
as exclusively a female function, going on regardless of whether the 
eggs produced are fertilized or not. Thus the common fowl produces 
unfertilized eggs regularly in the absence of a male. In the pigeon, 
however, ovulation is delayed until mating. When a mature pair ready 
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for mating are put together, egg-laying ordinarily ensues at the end 
of a rather definite period, at the least eight days. The female functions 
are held in abeyance till the proper stimulus is received from a mate. 
The maturing of the egg is so exclusively a female function that it 
seems odd at first thought that an apparent exception should occur to 
the rule. Of course, we know that the final maturation of the egg, or 
the giving off of the polar bodies, awaits in most animals the act of 
fertilization. But here the effect is produced upon the egg by the 
entrance of sperms. How mating itself and the act of copulation could 
influence the ripening of the egg in the ovary is another problem. In 
this connection the curious fact must be mentioned that two female 
pigeons placed in confinement together may both take to laying eggs. 
The function of ovulation is in a state of tension, so to speak, that 
requires only a slight stimulus, “mental” apparently in this case, to 
set the mechanism to working. At any rate, it is impossible to regard 
the presence of sperm in the oviduct as an essential element of the 
stimulus to ovulation, although it may have an important influence in 
the normal case. Our attention is directed to the various and complex 
instincts of the male which come under the head of courtship, both 
before and after mating is effected, as furnishing a part of the stimulus 
to the female reproductive organs. 

Phylogenetic considerations would lead us to consider the peculiar 
habits of the pigeon as recently acquired. The retention of ova in 
the unmated female, is in particular not very firmly fixed, as the facts 
stated show. ‘The habits of the common fowl are certainly more primi- 
tive. In monogamous birds it might be expected that the function of 
ovulation would be adjusted so as to take place only after mating, inas- 
much as it is probable that in a state of nature mating may be delayed 
for various causes, and the production of an unfertilized egg is no trifling 
loss, as in the mammal. In polygamous birds mating is sure to occur, and 
the female functions may be adjusted for continuous ovulation, with 
the practical certainty that in nature no unfertilized egg will be pro- 
duced. 

The complex reproductive instincts of the pigeon, displayed in their 
highest form in the male, are matters of common observation among 
those who have observed pigeons, and need not be dwelt upon at great 
length. 

As is well known, the strutting of male pigeons is not simply a fea- 
ture of courtship and rivalry among males. It is continued until egg- 
laying begins, and is accompanied by a less active similar manifestation 
by the female. It is in fact an accompaniment of the whole period 
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from mating to egg-laying, during which copulation is of frequent 
occurrence. 

There is an act which regularly precedes copulation, in which there 
is an apparent regurgitation of some secretion by the male which is 
taken from his throat by the bill of the female, in somewhat the same 
manner as the young birds take their food. It is a less violent mani- 
festation than’ the feeding of the young, however. It is easy to see 
that here may be one of the sources of indirect stimulation to the female 
reproductive organs. 

The male has the habit of frequently taking to the nest and calling 
the female by emitting a low growling noise and gently vibrating his 
wings. It is evident from a consideration of the complexity of these 
and other instincts, such as nest-building, that the initiation of repro- 
ductive activity in the female can ordinarily only be dated from the 
time of mating, or from the resumption of activity by an already mated 
pair. The female pigeon is either a very dull bird or a very exacting 
one, requiring constant attention and flattery to rouse her to her proper 
functional activity, or else the male must be accused of greatly magni- 
fying his office. 

There is a possibility that the nesting habits of the female could be 
used as a clue to the time of egg-laying. The female has the habit of 
sitting on the nest occasionally for some time before the first egg is laid, 
but in practice this has not been found to give sufficiently definite data. 

No certain method has been found for determining the time of ferti- 
lization of the first egg. By making use of the second egg, any. stage 
after or shortly before fertilization may be obtained. This method has 
the disadvantage of yielding only one early stage of the egg from each 
bird. The first egg when laid has reached the close of the segmentation 
period. The second egg would remain in the oviduct nearly forty-eight 
hours after the first was laid. To obtain a series of the late ovarian eggs 
is more a matter of chance. 

In elasmobranchs and reptiles a considerable number of eggs are 
found in the oviduct and all in nearly the same stage of development. 
The greater certainty with which the pigeon’s egg may be obtained is a 
compensatory feature, when we are considering the relative difficulty of 
obtaining material for a study of these forms. 


THE FERTILIZATION OF THE EGG AND Its PASSAGE THROUGH THE 
OvIDUCT. 


The passage of the egg through the oviduct until it acquires a thin 
shell within the lower portion, or shell-gland, is a nocturnal function. 
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That, as such, it is adapted to secure the safety of the egg is evident 
from the thinness of the egg membrane when it leaves its tough ovarian 
capsule and its consequent liability to be ruptured at this critical period. 
Careful handling is necessary to secure the egg at this time. The cap- 
sule of the egg splits along the pole opposite to its attachment in the 
ovary. A gradual thinning out of the capsular wall occurs along the line 
of splitting, causing a pale streak across the egg. The vessels of the 
capsular wall are at this time highly charged with blood. Two such 
pale streaks across the egg have been seen at right angles. During the 
rupturing of the capsule, the egg bulges out in various places, producing 
an irregular appearance with several protuberances. Inasmuch as the 
wall grows quite thin during the process, it is quite possible that the 
spermatozoa may be able to penetrate and reach the germinal vesicle 
before the egg leaves its capsule. When the egg escapes, it is found well 
surrounded by a thin albuminous liquid with which the body cavity at 
this time is charged. It is like the albuminous secretion of the oviduct, 
except that it is much thinner. This liquid serves both as a medium 
for the spermatozoa, as stated by Balfour, and as a support to the egg 
at this critical juncture, when it is invested by only a very thin. membrane. 

The egg membrane or yolk membrane is about 3.5 in thickness. 
The outer margin of the cytoplasm is somewhat denser and also takes on 
something of the character of a membrane. In some preparations this 
is found actually separated for a little way from the underlying cyto- 
plasm. But for the most part it appears like a very thin non-separable 
layer. 

The egg membrane appears structureless. It seems to increase in 
tenacity, since, when the egg is first set free from its capsule, it is very 
easily ruptured. The flattening of the yolk from its own weight in the 
fixing fluid is enough to cause the rupturing of the membrane. The 
increase in tenacity later may be the effect of the deposition of closely 
adhering layers of albumen. 

The egg is clasped by the funnel-like mouth of the oviduct, which at 
this time has been observed to display active peristaltic contractions, as 
if in the act of swallowing the egg. The contractions were confined to the 
funnel portion of the oviduct. The fact as stated rests upon a single ob- 
servation. As the transition from the funnel to the glandular portion 
is abrupt, it would seem that the egg must be engulfed by muscular con- 
traction, but after it is within the glandular portion of the oviduct it is 
driven simply by ciliary action along its spiral course through the ovi- 
duct, as has been stated by Cushny, 02, in regard to the hen’s egg. The 
peristaltic motions were sufficiently active to be unmistakable. The 
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desire to obtain the egg interfered with the continued observation of the 
movements, and it is not known how long they might continue. Morgan, 
97, states that the old view that the frog’s egg is swallowed by peristaltic 
motions of the infundibulum of the oviduct is probably mistaken, and 
that the egg is doubtless driven along its entire course by ciliary action. 
The oviduct of the pigeon is usually from twelve to fifteen inches in 
length, but sometimes over twenty inches. The funnel portion or infun- 
dibulum is less than one-fourth of the entire length; the glandular por- 
tion which secretes the albumen is a little less than one-half of the 
ordinary length. ‘The remaining portion, the uterus or shell-gland, 
is separated from the preceding part by a definite constriction. 

The entrance of spermatozoa is previous to the time when the egg 
is clasped by the funnel of the oviduct. An egg at this stage contains 
numerous sperm nuclei which have undergone considerable transforma- 
tion and others in various early stages of transformation. Hence 
the entrance of spermatozoa must take place as soon as the germinal disc 
is exposed by the rupture of the follicular wall. This may be while the 
egg is still attached to the ovary, but the point has not been definitely 
ascertained. 

The stage of development reached by the egg at any time is indicated 
approximately by its position in the oviduct. Thus the polar bodies are 
given off within the proximal part of the glandular portion, and cleay- 
age begins just about as the egg enters the shell-gland. The passages 
through the upper portion of the oviduct in which the albumen is secreted 
is relatively rapid. The following table gives some data for an estimate 
of the time. 


Beginning of first maturation division............. 7:40- 9:00 P.M. 
ne “second °° Soo. dacs segatn Mieco dtearsiaes %:45-10:15 P.M. 
2 “ first cleavage me ea tt, Sees 3 10 :30-12 :30 P.M. 
. * second “ cad SRR are ee ening 12:30- 1:00 A.M. 


From such data only a rough estimate can be made as to the time 
elapsing between the impregnation of the egg and the first cleavage. 
Balfour, 85, states that in the fowl cleavage of the egg begins just 
before it enters the shell-gland. There is consequently a close simi- 
larity between the pigeon and the fowl in this respect. Since the abso- 
lute length of the oviduct varies in different birds, it would hardly be 
expected that the same relative position in the oviduct would generally 
be reached by the egg at the same stage of development. As a matter of 
fact the observed cases so far have been so close to the average as to 
furnish no evidence as to variation in this respect. 
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Some LATE STAGES OF THE OVARIAN Kaa. 


The growth of the ovarian egg may be roughly divided from one point 
of view into two periods. The first is a long one of very slow growth, 
the second is a short period in which the main increase in size of the 
ege is effected. Two eggs mature at a time, occasionally only one. The 
second pair in order of development are usually quite small, the larger 
being ordinarily several millimeters in diameter when the first pair are 
mature, but it may be half-grown occasionally at this time. 

The full-sized egg in its capsule is nearly an inch in diameter. In 
Fig. 1 is shown the nucleus of an egg 1.4 mm. in diameter. It measures 
238 in diameter, and, being nearly spherical, is greater in volume than 
the nucleus of an egg which was in the midst of its rapid growth and 
15 mm. in diameter. The latter nucleus is lens-shaped, flattened against 
the follicular envelope, and its diameter is 378» (Fig. 3). In a smaller 
ege 12 mm. in diameter the nucleus is shown in horizontal section 
(Fig. 2b). Its greater diameter is 329n. The ground substance of the 
nucleus or germinal vesicle is of a finely alveolar character, appearing 
under a low power to contain only a few scattering deutoplasmic granules. 
Under a higher power, however, it is seen to be thickly studded with 
microsomes of the same character as the larger granules. The chromo- 
somes are in a group in a somewhat eccentric position, surrounded by a 
system of radiations. Apparently pairs of dumbbell-shaped dyads are 
lying side by side. They are unequal in size, three of the pairs being 
considerably larger. Two of the pairs are crossed, lying very close 
together (Fig. 17). There are numerous glistening refractive bodies 
scattered among the chromosomes, some small and some in vesicular 
masses. At the center of the germinal vesicle is a considerable amount 
of chromatic staining material in the form of short threads, and also a 
group of rounded bodies like nucleoli lying underneath them. ‘The 
nucleoli in some cases have short remnants of chromatic threads clinging 
to them. 

' A later stage is shown in Figs. 4a and b. In Fig. 4a the whole ger- 
minal area of this egg is shown, the germinal vesicle enlarged in Fig. 
4b. This egg was the older of a pair, the nucleus of the younger of 
which is shown in Fig. 3. A comparison of the size of the nuclei shows 
a great diminution. The wall of the nucleus is seen to be breaking 
down. Its contour is no longer regular, but it has shriveled up and 
retreated from its manifestly former position. The disintegrating wall 
is surrounded by a zone of the nuclear ground substance. The diameter 
to the outer limits of this zone is 210, showing an invasion of the yolk 
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into the area formerly occupied by the germinal vesicle. The retreat 
of the nuclear wall is unlike ordinary plasmolysis from fixing agents. 
There is no vacant space left from the shrinking of contents. Such 
plasmolysis is evident in the case of the younger egg of the pair, Fig. 3, 
indicating a more watery condition of the nucleus in the younger and 
still rapidly growing egg. In this egg there are no remnants of threads, 
except for slight indications upon the more or less rounded nucleoli. 
The refractive bodies previously mentioned are present. The chromo- 
somes are shortened as compared with the former instance and are irregu- 
larly placed. The deutoplasmic microsomes in the nuclear ground sub- 
stance are less prominent owing to a greater extraction of the stain. 

Underneath the germinal vesicle is a core of lighter staining material, 
extending inward to the bed of white yolk. The whole germinal area 
under a low power appears very finely granular compared with the coarse 
underlying yolk. 

The next stage obtained is that of an egg which in the ordinary course 
of events would have become free from its capsule and passed into the 
oviduct in the course of several hours. To be more definite in this 
instance, the egg was taken from the ovary at 7:00 P.M., the first egg 
having been laid in the afternoon. 

The cross section (Fig. 5) shows the equatorial band of chromosomes 
lying obliquely to the surface of the egg at the margin of the deutoplasmie 
area. There is an accumulation of a liquid substance at this point 
between the follicular wall and the granules, which, as in other eggs, may 
be called the perivitelline quid. 

The area occupied by the germinal vesicle is obliterated. There is 
very little if any difference in the appearance of the germinal area at this 
point, except for the perivitelline liquid above mentioned, and a much 
greater accumulation of a substance having seemingly the same character 
directly underneath the finely granular layer. This body of more liquid 
protoplasm appears in structure and staining properties like the con- 
tents of the former germinal vesicle. It fills a wider area, however, 
and is bounded beneath by the coarsely granular yolk. Two eggs were 
obtained at this stage, both showing the same appearance. It does not 
appear like an artefact, and though peculiar to this stage of the egg, 
it seems to be definitely related with later changes in the fertilized egg. 

No stages were obtained between those shown in Figs. 4b and 5. Fig. 
5 shows the acme of development of the ovarian egg. If the accumu- 
lation of granule-free protoplasm underneath the granular layer of the 
disc is derived from the contents of the germinal vesicle, as its appear- 
ance would indicate, it seems as if a centripetal movement of this sub- 
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stance had taken place simultaneously with a lateral invasion of the 
granular protoplasm. Possibly the path of this centripetal movement 
is indicated directly beneath the contracting germinal vesicle in Fig. 4b. 
Fig. 5 represents the stage supposedly when activity in the egg has 
reached a minimum. When activity is resumed in the maturation stages 
attention will be called to the fact that the underlying bed of granule- 
free protoplasm has disappeared and in its place is a cone-shaped active 
area (Fig. 8) extending clear to the periphery of the egg with the spindle 
at its apex. This would seem to indicate a centrifugal movement of the 
granule-free area at the time of giving off of the polar bodies... 

The spindle is fully formed in this egg, although its oblique position 
makes it difficult to recognize the achromatic structures. The equa- 
torial band of chromosomes shown in Fig. 18 is from the other of the 
two eggs above mentioned, and the section was almost parallel with the 
equatorial plate. The chromosomes appear as tetrads of unequal size. 
There is an appearance peculiar to the first polar spindle to which atten- 
tion is called. There are within the circle of chromosomes and lying 
in the same plane, a number of deeply staining granules at the nodes 
of the linin network. They plainly differ from the deutoplasmic granules 
outside, having the staining properties of chromosomes or centrosomes. 
There are four or five especially large ones at the center. 

Nucleoli in the Ovarian Egg.—The nucleoli which have been described 
in this later part of the ovarian history are, as has been stated, evidently 
derived from a chromatic network which becomes aggregated into rounded 
masses, and these soon undergo dissolution in the form of refractive 
bodies. Lebrun, 02, describes nucleoles derived from the granular chrom- 
atin which are present at the first appearance of maturation in the egg 
of Diemyctilus and speaks of their propensity to fuse together. 

In the amphibian egg, King, or, mentions the occurrence of such 
refractive bodies in the germinal vesicles. They are described as “ yel- 
lowish green refractive bodies,” which result from the disintegration of 
nucleoli. It seems Jikely that the small refractive bodies among the 
chromosomes are remains of nucleoli which are nearly disintegrated. 
The larger aggregations of refractive bodies and nucleoli found else- 
where in the germinal vesicle are in an earlier stage of the disintegrating 
process (b and c in Fig. 4b). 

The nucleoli which change to refractive bodies and disappear have a 
different fate from the nucleoli in the previous history of the germinal 
vesicle. According to Carnoy and Le Brun, in the amphibian egg the 
nucleoli are aggregations of the chromatin network, which at definite 
periods break down and give rise once more to a chromatic thread. They 
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are a resting stage of the chromatin. According to the opinion of Wil- 
son, 00, such nucleoli are to be regarded as chromatin masses distinct 
in nature from true nucleoli or plasmosomes. In the smaller pigeon 
ova such net-knots of chromatin are frequently seen, looking like the 
beginning of the formation of a nucleolus or the contrary, the unrolling 
of one to form a thread (Figs. 1a and b). But better evidence on the 
nature of these chromatin nucleoli may be obtained from other material 
than the pigeon. Without going too far afield from the purpose of this 
paper, it may be mentioned that the ova of the sparrow in the winter 
condition give an excellent example of chromatin aggregated into the 
form of nucleoli. There is an almost entire disappearance of the chro- 
matin network and a large and variable number of nucleoli having the 
staining reaction of chromatin. This phenomenon is accompanied by 
a watery condition of the nucleus as shown by the great plasmolyzation 
from fixing agents. The eggs may be fixed so as to show no distortion, 
but the nuclei are invariably plasmolyzed. 

This condition disappears when the growing season recommences in 
March. The chromatin threads reappear and the nucleus is no longer 
so easily plasmolyzed. The difference between the pigeon and the spar- 
row ova is accounted for by the fact that the ovary of the sparrow is 
in a resting state in the winter, while the breeding season of the pigeon, 
in comfortable quarters, is continuous except for a slight cessation in 
the fall, during moulting. If the view of Carnoy and Le Brun is correct, 
the evidence for the continuity of the chromosomes through the ovarian 
development alleged by Born, 94, must be mistaken. 

A frequent appearance found in the pigeon ova was that of pale, 
proken-down nucleoli, looking rather like the “ shells” of nucleoli, either 
inside the nucleus or outside close to the membrane. This appearance is 
entirely different from that of the previously described refractive bodies. 
Such bodies are described by Carnoy and Le Brun in the amphibian egg. 


THrE FERTILIZED Eaa. 


Maturation Divisions —The earliest stage of the fertilized egg obtained 
is shown in horizontal section in Figs. 6a and b. The surface appear- 
ance of the disc of such an egg is shown in Fig. 6. The slightly oval 
disc has a greater diameter of 3.5 mm. It is divided into two zones 
quite clearly distinguished in opacity, the outer zone being due to the 
abrupt thinning out of the fine granular matter of the disc. With a 
hand-lens the region of the nucleus may be made out in the living egg 
as a spot surrounded by a lighter ring or halo, the “ fovea.” The whole 
affected area surrounding the nucleus is shown in Fig. 6a. The nucleus 
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is in the center of a granular area which is surrounded by a hyaloplasmic 
zone. The inner ring of the zone of hyaloplasm is quite free from gran- 
ules and here the sperm nuclei are imbedded. Outside of the clear ring 
the cytoplasm is less densely granular and there is an appearance of 
watery rays or channels passing out. The diameter of the affected area 
is about .5 mm. One side is more vacuolated and hyaloplasmic than the 
other, which fact will be recalled in connection with later appearances 
during development. There is a rather clearly marked ring which is 
not like the hyaloplasmic ring in appearance, but is filled with a ground 
substance having a more finely alveolar structure. This ring, which 
may be called the “ polar ring,” will be better described in connection 
with vertical sections of the disc. The sperm nuclei shown in this 
section are in an advanced stage of transformation, and their identity 
with entering sperms must be discussed further later on. 

The egg nucleus is in the equatorial plate stage (Fig. 19). There are 
eight apparent tetrads (pairs of dyads) in a ring, the diameter of which 
is greater than in the mature ovarian egg. The chromosomes also are 
larger, and are of unequal sizes as before. The central spindle granules 
are present, lying in the plane of the chromosomes, at the nodes of the 
linin network. The central group of larger ones is conspicuous, as in 
the previous instance. It may be again stated that these granules have 
not been found in any other spindles than the first polar, and, as already 
mentioned, they present a similar appearance in the four observed cases. 
They would seem to be concerned in some way with the formation of the 
first polar spindle, and may indeed be condensations of the linin network 
at the foci of the system of radiations surrounding the group of chro- 
mosomes before the formation of the spindle (see Fig. 17), though this 
may sound like a rash suggestion, since the stages in the formation of 
the spindle are yet to be observed. If they are “ accessory” chromatin 
material, they evidently do not undergo dissolution like the chromatin 
nucleoli. 

The nuclei embedded in the hyaline zone are all of similar structure 
and staining properties. They vary in size from four to seven p. They 
are of irregular shapes and do not have any bounding membrane. No 
asters have been found, but want of material has prevented the use of vari- 
ous staining methods. Those which have penetrated deeper are somewhat 
larger. Stages in the transformation of the sperms are shown in Figs. 
Ya-h. The entrance of sperms seems to take place anywhere within the 
affected area, but those which enter the hyaline zone seem to undergo 
a more rapid development. The fate of the great majority of sperms 
can best be inferred in lack of direct evidence from the numbers found 
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in the fertilization stages, where in the cases obtained the number was 
from 12 to 25. Apparently those not entering at the right time and 
place meet with some unfavorable influence hindering their development. 

In the perivitelline liquid are found numerous large cells from the 
follicular membrane of the ovarian egg (Fig. 71). These cells are with- 
out walls, but the nucleus and accompanying body of cytoplasm bears an 
unmistakable resemblance to the follicular cells. Associated with them 
are found also blood corpuscles. From their size and appearance they 
may be distinguished from the sperm nuclei, since they are of a much 
ereater order of magnitude. There is much nuclear debris which is evi- 
dently derived from these cells also present in the perivitelline space, 
showing“that their fate is to degenerate. Riickert, 99, has found the same 
“inwandering follicular cells ” in the selachian egg. 

A vertical section of the germinal disc during the maturation stage is 
shown in Fig. 8. The egg was taken from near the beginning of the 
oviduct. The section contains the second polar spindle, and first polar 
body, situated at a slight depression in the surface of the disc. The 
vertical section of the germinal disc shows that the central or affected area 
has the shape of a cone with the'spindle at the apex. The distinguishing 
- characteristic of the affected area which mark it off from the surrounding 
homogeneous appearing disc, is its lighter staming property. ‘This seems 
due both to the relative fewness of the granules and the greater extraction 
of the stain from those present. The protoplasmic ground-work is ap- 
parently more watery, and vacuoles are very numerous. The finely gran- 
ular material of the disc surrounding the affected area retains the stain 
with great tenacity. The deeply-staining layer is quite sharply marked 
off from the underlying yolk, which loses its stain completely. The 
deeper yolk composed of very large granules, retains the stain, and thus 
there is a lighter area sandwiched between two dark staining regions. 
This may be seen in the section of the ovarian egg (Fig. 4a). The “ polar 
ring” mentioned previously is seen to be shallow, appearing in cross- 
section as two lighter staining V-shaped areas outside of the apex of the 
affected area. The distinctness and conspicuous character of this ring 
make it evidently something more than an accidental feature. It can be 
traced through adjoining sections and shown to be a complete ring. Simi- 
lar appearances in other eggs will be recalled, as, e.g., in that of the 
leech. 

Turning to the nuclear phenomena at this stage, we see that the spindle 
lies close to the egg membrane. Centrosomes are inconspicuous, but a ra- 
diating arrangement of the alveoli may be made out at the poles. The 
spindle is in the equatorial plate stage (Fig. 22). 
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In another egg we find the chromosomes just separating (Fig. 23). 
There are eight pairs, and they are quite unequal in size, as was shown 
in the first polar spindle. They show a marked increase in size compared 
with those of the first division. The spindle here lies in a decidedly 
lighter staining area. The polar globule fills a bowl-like depression in 
the disc instead of a position at the side of the depression, as in the 
previous case shown. The eight dyads in the polar body are not fused 
together, and some retain a slightly dumb-bell like shape. The wall of 
the polar body is well marked. The polar ring was present in this, as in 
all of the other maturation stages obtained after impregnation of the 
egg. 

The second maturation spindle is shown in Fig. 21 in a slightly earlier 
stage. The spindle is not yet completely reformed. One of the chromo- 
somes lies between the equatorial plate and the egg membrane not yet be- 
ing drawn into position. It has the appearance of a tetrad, in which case 
it would be a chromosome of the first division which failed to divide. 
[t is, however, probably a dyad in the first stages of splitting. The 
chromosomes as shown above are originally pairs of dyads lying closely 
side by side. The polar globule is in this case more rounded than in 
the last, which is undoubtedly due to its not yet having had time to 
become flattened by the pressure of the egg membrane 

One other stage of the second maturation spindle is shown in Figs. 9 
and 24. In this egg the central core of the affected area directly under- 
neath the spindle is different from the other cases obtained, being entirely 
free from deutoplasmic granules. 

The egg nucleus is shown in Fig. 25 with the second polar globule just 
given off. The chromosomes are fused together into a mass with a some- 
what crenate contour. The polar globule is still connected with the 
egg by a cytoplasmic neck, and its wall is not formed. The egg nucleus 
has penetrated the egg farther than is found to be the case in some later 
stages, but this may be explained by the exceptional fewness of yolk 
granules in the affected area which ordinarily might hinder its freedom 
of movement. 

The further reconstructed egg nucleus is shown in Fig. 26. Both polar 
bodies are shown, being present in adjacent sections. The inner sphere 
and centrosome (?) is in this case recognizable and appears larger than 
during division. The egg nucleus does not have a distinct membrane. 

Fertilization stages.—In a still later stage the egg nucleus is seen to be 
completely reconstructed and has a distinct membrane (Fig. 27). Yolk 
granules crowd about it so as to hide any other structures. The polar 
bodies were both found in the same section. ‘The one which is farther 


364 Fertilization and Early Development of Pigeon’s Egg 


from the egg nucleus has the chromosomes nearly all fused together. The 
nearer one is a fused mass of chromatin with a ragged outline showing a 
decided tendency to form a network. In displaying this tendency it 
resembles its sister nucleus in the egg. It tends to enter a metabolic 
phase. The first polar body, on the other hand, retains the kinetic ten- 
dency like the second maturition spindle, although it fails to divide. 

The polar ring is present at this stage, but has not been found later than 
this, being apparently obliterated by cytoplasmic movements occurring 
within the affected area. 

The sperm nuclei which are found in this egg are rather faintly staining 
bodies and no one of them is especially near to the egg nucleus. 

The next stage obtained shows the pronuclei very near together, one 
being slightly smaller and deeper in the egg (the male?) There is a 
hyaline area adjoining, but no distinct astral appearance (Fig. 10). 

In a later stage the pronuclei, about the same size as in the last in- 
stance, are seen in contact (Fig. 11). A diagram (Diagram 1), shows 
the other sperm nuclei present and their distribution. Only one, and it 
a quite large one, is in the affected area, the rest being scattered away from 
the center in all directions. 

At a later stage the conjugating nuclei are flattened against each other 
(Fig. 12). The cytoplasmic surroundings of the disc are shown in the 
drawing. The peculiar orientation of the lighter staining central area 
in the form of a cone which was seen in the maturation stages is not any 
Jonger manifested in any of the fertilization stages. There is a con- 
siderably vacuolated area at one side of the pronuclei and on the other 
side a curious apparently normal appearance like a hyaline channel ex- 
tending from the vicinity of the nuclei toward the egg surface. Astral 
appearances if present are hidden by the yolk. The number of sperm 
nuclei shown in the diagram (Diagram 2), is only twelve, which is 
probably too small, as the series of sections was imperfect. 

When the segmentation nucleus is formed the accompanying cytoplas- 
mic changes in the germinal disc are so striking as to indicate plainly the 
approach of division (Fig. 13). The affected area is spread out laterally 
and shows a differentiation into a more hyaloplasmic margin and a gran- 
ular interior. This fact is, however, still more clearly perceived by refer- 
ence to a surface section as shown in the subsequent stage (Fig. 14). 
The segmentation nucleus (Fig. 13) lies near the center of the affected 
area, rather closely surrounded by yolk granules. It has moved nearer 
to the egg surface than at the time of copulation. There are no sperm 
nuclei remaining within the affected area, but a pair are to be seen a 
little distance outside of its margin. The segmentation nucleus may be 
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identified by its size and the appearance of the chromatin, as well as by 
its surroundings. It has a well-developed double contoured membrane. 
The contents are slightly plasmolyzed, a feature which has not been ob- 
served to occur at any earlier stage. The chromatin is beginning to be 
gathered into long threads. ; 

The First Division —A later stage containing the prophase of the first 
cleavage spindle is shown in Fig. 14, in horizontal section. The spindle 
lies at the center of a small area free from granules (Fig. 28). Centro- 
somes and asters are very indistinct, as would be expected at this stage 
of division. The centrosome is not'a deeply staining granule. The cyto- 
plasm shows only indistinct radiations. The spindle is rounded at the 
ends and rather broad. The chromosomes, sixteen in number, are partly 
in the equatorial plate. None of them are yet splitting. The prevailing 
shape of the chromosomes is that of a broad V. In the surrounding 
protoplasm may be seen the same appearances as in the stage of the 
segmentation nucleus (Fig. 14). There is an area of protoplasm whose 
outer border is hyaline and the center surrounding the nucleus is more 
granular. The area is elongated in the direction of nuclear division. Its 
margin shows an appearance like that of outpushings. These are large 
lobes, as if indicating an amoeboid movement of the whole mass. Curi- 
ously enough, the granular interior conforms to the same outline, showing 
lobes corresponding to the outer margin. Balfour, 85, states that “ In 
elasmobranchs before segmentation commences, the germinal disc ex- 
hibits amoeboid movements.” Here these amceboid movements, if so the 
appearances described are to be interpreted, are seen to be confined to a 
region at the center of the germinal area whose diameter is about 0.5 mm., 
or about one-sixth the diameter of the inner area of the disc. The area 
of active protoplasm is differentiated into a more granular and a more hy- 
aline pole. There are indications of a constriction which, if carried out, 
would thus divide the cytoplasm of the area qualitatively. 

A stage of the first division is shown in Fig. 15, in which the nuclei 
are separated a considerable distance. They are of quite small size. The 
affected area of protoplasm shows a dumb-bell shaped figure and 
the nuclei lie at about the centers of the two ends. The hyaline 
outer border and the -inner granular condition is still preserved. 
The first furrow is being formed at the constriction, but is shallow and 
does not appear in the section containing the nuclei. In the surface sec- 
tion it is seen as a broad, shallow depression filled with cytoplasm of a 
finely alveolar structure. Around the affected area lighter streaks may 
be seen extending out into the surrounding protoplasm. One blastomere 
is seen to be more hyaloplasmic than the other. 

27 
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The nuclei and first furrow have been found at a stage when the nuclei 
are very much larger. They had moved apart relatively little compared 
with the former stage, while they had greatly increased in size. If the 
small size at the former stage indicated that little time had elapsed since 
division, then their movements at first must have been more rapid. Per- 
haps the cytoplasmic constriction would be the cause of the early, rapid 
separation of the nuclei. Whatever may be the link connecting nuclear 
with cell division, it would seem that the constriction of the cytoplasm 
must play a part in the separation of the nuclei. At this stage, the 
completion of the first division, there is no differentiated area about the 
nuclei recognizable. Apparently the amceboid changes cease during the 
resting stage of the nuclei. 

The Second Division.—In Fig. 16 is shown the beginning of the second 
division. The first furrow is longer. The nuclei are about equidistant 
from it. The spindles are formed and are in the prophase, approaching 
the equatorial plate stage. ‘They lie in small areas free from granules. 
The differentiation in the cytoplasm is lke that surrounding the first 
cleavage spindle, except for greater complexity. There is a clearly 
marked polarity. One blastomere is more granular, the other more 
hyaloplasmic. In the latter there is a complex affected area surrounded 
by homogeneous protoplasm. ‘The hyaline border of the active area is 
even more distinct than at the first division. But this blastomere must 
apparently be identified with the more hyaloplasmic pole at the first 
division. he hyaline border shows a sinuous contour. The whole area 
is elongated, as before, in the plane of the next nuclear division. The 
prominences or outpushings are more complex. They correspond some- 
what at the two poles, but are more developed at one pole (the left). 
There is an evident beginning of constriction, and division at this point 
would separate again a more hyaloplasmic blastomere from a more granu- 
lar one. In the other blastomere the affected area has an even contour. 
One other egg was obtained at this stage and shows the same general fea- 
tures, but with minor differences in the apparent amceboid changes. It 
would hardly be expected that amceboid movements of this character 
would give rise to identical appearances in different eggs. The observa- 
tion of Whitman, 87, on cytokinetic phenomena in general may be quoted 
in this connection: “ They are diversiform in the extreme, rarely pre- 
senting regular form series, and thus stand in marked contrast with 
nuclear metamorphoses, which everywhere, both in plant and animal 
cells, exhibit a most remarkable uniformity.” 

Comparison of Cleavage and Maturation Divisions.—The appearances 
here described in connection with cleavage may be compared with the 
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maturation divisions. The body of active protoplasm is differently 
oriented in the two cases, as has been pointed out. During maturation 
the active protoplasm underlies the spindle and extends radially in the 
egg, widening centripetally, so that its appearance is roughly that of a 
cone from the apex of which the polar bodies are pinched off. At cleav- 
age, the area assumes a horizontal position with reference to the surface, 
and a constriction occurs at its middle. At the first maturation division 
(Fig. 6a), the spindle lies at the center of a granular area encircled by 
a hyaline zone. From analogy with the cleavage divisions, it would ap- 
pear that this hyaline zone is a normal cytoplasmic feature of the 
maturation division. Within it lie many sperm nuclei and it is the 
favorable zone of entrance for the male elements. It would thus appear 
to have a double function, the relations of which are not, however, neces- 
sarily close, since the entrance of spermatozoa is not confined to this 
zone. In the second maturation division the hyaline zone around the 
spindle seems less conspicuous than at the first. 

Kupffer, 75 and go, pointed out that the primary differentiation of 
protoplasm seen in the unicellular organism, into an outer hyaline and an 
inner granular protoplasm surrounding the nucleus, is also found in the 
animal tissue cell and egg. In the egg of petromyzon, as shown by 
Bohm, to which Kupffer, 90, made especial reference, this differentiation is 
clearly shown. The hyaloplasm, which during fecundation appears as a 
cap upon the egg, later moves back into the yolk and undergoes further 
amceboid changes, elongating in the direction of nuclear division. The 
behavior of the sphere substance in the egg of unio, as described by 
Lillie, or, may be compared with that of the active protoplasm in the 
pigeon. The sphere substance results from the growth of the egg centro- 
some and sphere, and extends across nearly the whole diameter of the 
egg, elongating in the plane of nuclear division. In the pigeon’s egg one 
stage was found, of the partially reconstructed egg nucleus, where the 
centrosome and sphere appeared greatly enlarged, as described by Lillie 
(Fig. 26). Conklin’s demonstration of protoplasmic currents in the egg 
of crepidula may be mentioned in this connection. As mentioned above 
Balfour states that in the selachian egg amceboid movements occur 
before cleavage begins. Whitman, 87, insisted that the cytoplasm could not 
be regarded merely as a passive nutritive substance, although, as he said, 
the majority of writers are inclined to seek the primum mobile in the 
nucleus and to make the nucleus responsible for the kinetic phenomena 
displayed in the cytoplasm.” 

Loeb, 95, relying upon Quincke’s experiments and certain experiments 
of his own upon the echinoderm egg, ascribes cell-division to diffusion 
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DIAGRAMS 1-6. NUMBER AND DISTRIBUTION OF ACCESSORY NUCLEI! IN EARLY STAGES OF 
PIGEON’S EGG. 
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EXPLANATION OF DIAGRAMS 1-6. 


DracRaAM 1. Diagram showing number and relative position of accessory 
nuclei in the egg. The male and female pronuclei are in the center, lying in 
contact. Two sperm nuclei nearer than the rest. Same egg as in Fig. ae 


x 10. 


Dracram 2. Pronuclei in closer contact. Same egg as shown in Fig. 12. 
Owing to the incompleteness of the series the number of sperm nuclei is too 
small. 10. 


DracGRAM 3. Stage of segmentation nucleus. Accessory nuclei are mostly in 
pairs, indicating previous division. Same egg as Tikes eh SC al 


Dracram 4. Stage of first cleavage spindle. Same egg as Fig. 14. x 10. 


Diagram 5. First furrow is beginning to appear at surface (f). The two 
cleavage nuclei equidistant. Same egg as in Fig. ey Seal) 


Diagram 6. Beginning of second division. The accessory nuclei appear 
nearer the center of the disc than in the previous stage. x 10. 
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phenomena and ameeboid movements occurring on the surface of the egg 
along the circle whose plane separates the two astral systems. 

The Early Cleavages.—In Figs. 40-45 are shown the 2-4-8-16 cell stages, 
drawn from a surface view. The accessory cleavage is also shown, except 
in the sixteen-cell stage. The first furrow crosses the disc along its 
shorter diameter. It is slightly eccentric in position. In the four-cell 
stage is seen the so-called “ cross furrow ” connecting the second furrows. 
In the-eight-cell stage, considerable variety exists in the position of the 
furrows. A more regular type is shown in Fig. 43, and an irregular one 
in Fig. 42. 

The more regular type shows meridional furrows at quite corresponding 
positions in the four quadrants. In the sixteen-cell stage shown the 
accessory cleavage is not represented (Fig. 45). The nuclei in the ana- 
phase of division are shown as they appeared in a surface view in a whole 
mount of the blastoderm, and give an idea of the relative size of nuclei 
and blastomeres. 

In the sixteen-cell stage there is a clearly marked polarity of the 
ege due to the small size of the blastomeres on one side. ‘This asymmetry 
of cleavage was pointed out by Kolliker in the case of the chick as pro- 
ducing an evident polarity during the early cleavages, whose relation, 
however, to the polarity of the embryo is undetermined. 


DEVELOPMENT OF THE AccESsORY NUCLEI. 


The accessory nuclei, whose appearance soon after the time of entrance 
was described in connection with Fig. 6b, have been found in later stages, 
varying considerably in number. In fertilization stages from twelve to 
twenty-five have been counted. After division sets in among them their 
number in some cases becomes very great, and no attempt has been made to 
count them. The diagrams (Diagrams 1-6) show the number and dis- 
tribution of these nuclei in a series of stages. The general fact is dis- 
closed that they migrate away from the point of entrance and soon become 
outside of the vicinity of the pronuclei. During the earlier stages of copu- 
lation one or more of the accessory nuclei may remain in the vicinity 
within the affected area of the germinal disc. But this is not true of the 
later stages, as is indicated by the absence of accessory nuclei in 
Figs. 14-16. 

In Fig. 13 a single pair are found at one side, near the affected area. 
This pair are in close apposition, as if conjugating. Moreover, twenty- 
five pairs of such nuclei are found in this egg together with some earlier 
division stages. Some of the pairs are in apposition, but most of them 
are a slight distance apart, some being in a stage very soon after division. 
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A difficulty is presented in finding the division stages, on account of the 
surrounding yolk. It must be remembered that these nuclei are not in 
the favorable region for observation in the center of the disc where the 
yolk granules are fewer, but they are migrating through the deeply stain- 
ing surrounding region. Hence during the division stages when at their 
minimum size they are to be seen only under the most favorable circum- 
stances. Several clumps of chromatin threads in the spireme and later 
stages were seen, enough to indicate the probable presence of other divi- 
sion stages. The resting nuclei are, of course, larger and easily seen. 
For the above reason the details of the first division of the nuclei have 
not been made out in the very limited material at hand. This difficulty, 
however, later disappears, and the mitotic division of these nuclei may be 
made out with perfect ease. 

If the sperm nuclei divide before the cleavage nucleus, then the rate of 
division of the latter is a resultant of a slower and a faster rate. The rate 
-of division of the unfertilized egg nucleus may be considered as approach- 
ing zero. ‘There have been contradictory observations as to whether the 
unfertilized blastodisc of the chick may segment parthenogenetically. 
Appearances have been observed which at any rate suggest this. Barfurth, 
94, offers a different explanation of these phenomena holding that there 
is no true cleavage in the unfertilized eggs. Assuming that possibly it 
may occasionally happen that the unfertilized egg nucleus may divide for 
several generations of cells, it is in accord with the accepted view as to 
the nature of the sperm protoplasm that the sperm nucleus should show 
a faster rate of division than the egg nucleus, and that the fusion nucleus 
should have a somewhat slower rate than that of the sperm nuclei. But 
Riickert found in the selachian egg that the sperm nuclei divide syn- 
-chronously or nearly so, with the cleavage nucleus. Oppel, 92, found in the 
reptila, on the other hand, that the accessory nuclei divided more slowly 
-or not at all in many cases. It is thus seen that special adaptations have 
arisen in different groups. Environment seems to have more to do with 
the division of the sperm nuclei than the nature of their own protoplasm. 

In the course of their further migration the nuclei reach the coarser 
yolk surrounding the inner zone of the germinal disc. Here, either be- 
cause of a difference in the chemical nature of the materials surrounding 
them, or because their progress is impeded by the coarser yolk granules, 
‘the nuclei remain and their division is followed by a cleavage of the sur- 
rounding cytoplasm. ‘The first indications of this accessory cleavage on 
the surface of the egg are seen when the first furrow is established be- 
tween the cleavage nuclei (Fig. 40). The continuation of this cleavage 
and division of the surface into small cell-like areas is indicated in the 
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two-, four- and eight-cell stages. In the later stages obtained the ac- 
cessory cleavage is not shown in the figures. This accessory cleavage is 
then set up after the second mitotic division of the sperm nuclei. They 
are found at the time of this division surrounded by wide cytoplasmic 
areas free from yolk granules. The resting nuclei after the first division 
are accompanied by small areas of a “sphere substance ” which entirely 
resembles this material. This sphere substance rather than being re- 
garded as an organ accompanying the nucleus would seem to be an accum- 
ulation of the products of the nuclear activity. During the migration 
of the nuclei, the amount accumulated next to a nucleus appears small 
(Fig. 36), but after they are settled down the substance soon gathers 
in large quantities. Of course this statement is not meant to imply 
that the sphere substance may not at certain times take on a definite 
form, like a permanent organ, as in the young ova, for instance. Accord- 
ing to the view of Van Bambeke, 97, the sphere substance is the center. 
of formation of plastic and of nutritive elements. 

To explain the peripheral migration of the sperm nuclei, Riickert has 
developed a theory of mutual repulsion which applies to all nuclei of a 
like character, and is exerted by and through the means of the sphere 
substance. The sperm nuclei show a mutual repulsion for each other, 
which prevents their conjugation with one another. The cleavage nuclei 
have a superior power of repulsion, and so drive the sperm nuclei from 
the cleavage area into the yolk. The egg nucleus having no centrosome 
and sphere, or only a slightly developed one, is on the contrary attracted 
to the male pronucleus. The early and rapid migration of the sperm 
nuclei out of the cleavage area is, however, a fact which does not seem 
to fall within this explanation. The sperm nuclei for some reason mi- 
grate to the periphery and give rise to an accessory cleavage there, while — 
the egg is still in the two-cell stage. Only a few straggling nuclei are 
at this time remaining within the inner area of the disc. There seems 
to be a tendency on the part of the sperm nuclei to migrate, only one 
of them being caught at the early stage by the attraction of the female 
nucleus; and this conclusion is certainly not inconsistent with the 
motility of the sperms during the stage of their free existence. As an 
active cause for the migration of the sperm nuclei, it might be assumed 
that the activity is but the continued expression of the labile nature of 
the protoplasm which gives the sperm its motile character during the 
period of its independent existence. An indication of the rapid move- 
ment of the sperm nuclei has already been pointed out, namely, that 
the accumulation of altered protoplasm or “sphere substance” about 
the nuclei while migrating in the germinal disc is very small. As soon, 
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however, as they reach the marginal yolk they become surrounded by 
wide areas of protoplasm free from granules of yolk, owing, according 
to the assumption, to the cessation of their rapid movements and their 
delimitation to fixed areas, which results in the accumulation about them 
of the products of their metabolism, instead of its. diffusion into the 
surrounding protoplasm. 

Mitosis in the Sperm Nuclei—The mitosis of the accessory nuclei 
appears to be normal in the early divisions, at least in the sense that it 
results in an equal division of the chromosomes. The details of mitosis 
have not been compared with that of the cleavage nuclei, although such 
a study might indeed be valuable. The determination of the number of 
chromosomes in the spindle has a bearing upon the origin of the nuclei, 
of course. It is not asserted, since it has not been definitely proved, that 
mitosis is always perfectly normal, even at this stage, since abnormalities 
do appear later which lead eventually to amitosis. No pluripolar 
spindles have, however, as yet been observed. Regular equatorial plate 
stages are found. The reduced number of chromosomes is present, which 
is eight. In the metabolic nuclei the chromatin network is somewhat finer 
than that of the cleavage nuclei. This difference extends to the fully 
formed chromosomes, which are narrower and somewhat more elongated 
than those of the cleavage nuclei. In the prophases very long, slender 
chromosomes are formed which become shorter and thicker as they 
approach the equatorial plate stage. A typical longitudinal splitting of 
V-shaped chromosomes takes place (Fig. 33), and as the daughter 
chromosomes pass to the poles, one end of each becomes thicker. Gradu- 
ally the chromatin accumulates at this end (Fig. 34) until in the late 
anaphase the chromosomes appear as short oval bodies approaching a 
spherical shape (Fig. 35). The achromatic structures are well defined. 
The centrosome is a sharply defined, deeply staining spherical granule, 
not so large as in the late cleavage nuclei, but decidedly more conspicuous 
than the centrosome of the maturation and early cleavage stages. The 
spindle fibers are distinct and the spindles are very regular in form. 
These characteristics of mitosis and their similarity to that found in 
later cleavage stages and dissimilarity with that found in the early 
cleavage seems clearly correlated with the nature of the substance 
by which the nuclei are surrounded, which is in the one case a 
highly plastic cytoplasm, the immediate product of the nuclear activity, 
and in the other is the largely unmodified egg cytoplasm, which from 
its coarse alveolar structure reacts differently to the mitotic forces and 
gives less evidence of their operation by a change in form than does 
the more plastic medium. 
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In regard to the synchronousness of division in the sperm 
nuclei, there appears to be a considerable difference. In one egg 
of the two-celled stage, over one hundred sperm nuclei were present. 
The accessory cleavage began at one side and here the nuclei had 
nearly all passed into a resting stage. On the opposite side of the 
dise, the nuclei were nearly all in some phase of division from spireme 
to late anaphase. It did not seem that concentric zones could be distin- 
guished, as Riickert has found to be the case in the selachian, in which 
the gradations in phase of division could be found in successive zones. 
Rather in this egg there was a difference in phase on opposite sides, or 
what may be called a polar difference. The evidence of this is seen also 
in the beginning of the accessory cleavage, as shown in Fig. 40. 


Tue YoLuK NvucLet oF LATER CLEAVAGE STAGES. 


With the advance of the cleavage nuclei, the sperm nuclei are driven 
into the surrounding yolk. In a stage about fifteen hours after fertili- 
zation, the sperm nuclei were found dividing amitotically. The inter- 
vening stages have not been filled in. The identity of the yolk nuclei 
at this stage with the earlier sperm nuclei is undoubted in the light of 
the selachian egg, whose phenomena can be duplicated, at least as to chief 
details, in the pigeon. 

Balfour has described the yolk nuclei in the chick as lying at the 
margins of the blastoderm, and under the peripheral cells, but not 
under the center. The nuclei are found very largely in nests or clusters, 
the members of which are very unequal in size. Sometimes 6-8 nuclei 
may be found thus clustered together (Figs. 39a, b, etc.). They are 
surrounded by wide areas of protoplasm free from granules of yolk. 
Besides the nuclear nests, many are found singly and these very fre- 
quently at the margin of the blastoderm near the surface. These often 
show a distinct difference in staining capacity, retaining the stain with 
more tenacity than the underlying ones. This difference would seem 
to be correlated with the environment, since these are found in the 
coarse, deeply-staining, yellow yolk and the underlying ones in the white 
yolk. There are also “ giant” resting nuclei as large as the entire proto- 
plasmic area which surrounds one of the nuclear clusters (Fig. 37b). 

Transitional stages from mitotic to amitotic division may be found 
at this period. In some of the protoplasmic areas are found nests of 
daughter nuclei not yet reconstructed (Fig. 88). The separate chromo- 
somes or chromatin vesicles are distinct or partially fused together. In 
some of the groups of chromatin vesicles approximately eight could be 
counted, although the exact number could not be identified on account 
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of fusion, and also apparent disintegration of some. ‘These appearances 
may arise from pluripolar spindles, which have not yet been found in 
the pigeon, but which are undoubtedly to be found here as in the 
selachian. Other evidences of attempts at mitosis are to be found. Often 
a spireme is found of irregular appearance, indirect division proceeding 
no farther. There were no accessory cleavage furrows recognized at this 
stage. 

Are the nuclei incorporated into the cleavage area? There is no 
affirmative evidence on this point. On the contrary, there is a distinct 
separation between cleavage cells and yolk underneath the blastoderm, 
the marginal cells having complete cell boundaries. No nuclei at all 
resembling the yolk nuclei have been found within the cleavage area. 
The cleavage nuclei are distinct in appearance and are not easily to be 
confused with the nuclei in the yolk. 

The only evidence obtained having a possible bearing on the fate of 
the yolk nuclei is the occurrence of great numbers of peculiar refractive 
bodies closely associated with the nuclei in the large nuclear nests. These 
Lodies resemble the disintegrating nucleoli of the late ovarian egg. Ina 
nest such as shown in Fig. 38 there are large masses of this refractive 
substance made up of clusters of vesicles. There are also isolated rod-like 
bodies of the same material. May these not indicate that there is a 
constant reduction in the amount of chromatin material due to “ karyo- 
litic” action? The yolk nuclei are very numerous at this stage, and 
form a fringe around the blastoderm, but do not go far out into the 
yolk. Their numbers at the start, if augmented by division followed by 
migration, ought soon to fill the yolk, as it would seem. On the con- 
trary, the margin of the blastoderm seems to be the only region occupied 
by them. The liquefied products of this karyolitic action are doubtless 
absorbed by the embryonic cells. The refractive bodies are probably 
material in process of dissolution, as is apparent in the case of the 
nucleoli of the late ovarian egg. 


POLYSPERMY IN OTHER Eacs. 


The term physiological polyspermy has been applied to all cases where 
more than one spermatozoon normally enters the egg. The fate of the 
supernumerary sperms is by no means the same in the different groups 
in which the phenomena occur. Hitherto, in the elasmobranchs alone 
has their persistence to form yolk nuclei or “ merocytes” been observed. 
The nearest approach to this condition was found by Oppel, 92, in the 
reptilia, where the sperm nuclei though present in large numbers, divided 
slowly and karyolitically, and soon degenerated. The evidence in the 
case of the reptilia is, however, fragmentary. 
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If the cause assigned by Riickert for the occurrence of physiological 
polyspermy be correct, namely, the absence of protection against it on 
account of the thinness of the egg covering in these internally fertilized 
eggs, it might well be expected to occur in the bird’s egg also. Balfour, 
85, stated in regard to the chick, that “In the bed of white yolk nuclei 
are present which are of the same character and have the same general 
fate as in Elasmobranchs. They are generally more numerous in the 
neighborhood of the thickened periphery of the blastoderm than else- 
where.” 

Among the amphibia, polyspermy has been found in the urodela. Thus 
Jordan, 93, found it to be universal in the newt. He states that “ there 
is every reason for regarding such physiological polyspermy in the newt 
as a natural, normal and in fact usual occurrence.” The extra nuclei 
degenerated shortly after the fusion of the pronuclei. Fick, 92-93, found 
polyspermy occurring in axolotl, but inconstant. Braus, 95, in triton 
found the sperm nuclei dividing amitotically from the start, a fact which 
Riickert correlates with the entrance of the spermatozoa through the 
yolk, since in elasmobranchs the sperms enter through the germinal disc 
and change from the mitotic to the amitotic method of division after they 
have migrated into the yolk. The anura, on the other hand, are mono- 
spermic according to the evidence of Hertwig, Born, 86, Roux, 81, and 
King, o1, although opposing observations were recorded by Kupffer, 82, 
in the case of Bufo. 

In the elasmobranchs the yolk nuclei have been the subject for much 
controversy and speculation. Balfour, 74, recognized the existence of 
such nuclei in the late cleavage stages of the selachian blastoderm. He 
surmised that they arose spontaneously in the yolk. Schultze, 77, dis- 
agreed with such an assumption as to their origin and took it for granted 
that they arose from the cleavage nuclei. Riickert, 85, traced these free 
puclei as far back in development as the eight-cell stage, which was the 
earliest stage he found. He argued that they arose from an equatorial 
cleavage of the nuclei of the four-cell stage, and that their position in 
the yolk indicated that they were the homologues of the nuclei of the 
vegetative pole in the frog’s egg. Their peripheral position was taken 
as strongly favoring such an homology. Riickert termed them “ mero- 
cytes,” indicating thereby that they were parts of cells, namely, the 
nucleus with some surrounding protoplasm, which after division migrated 
away from the cellular region into the yolk. Kastschenko, 88, found 
these merocytes in the stage of the formation of the first furrow. He 
proposed a theory that the first cleavage nucleus gave rise to a multi- 
nucleate plasmodium before the first division of the egg. Riickert, go-92, 
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pursued the investigations still further, and by the discovery of fertili- 
zation stages, was enabled to announce the origin of the much-discussed 
yolk nuclei from spermatozoa. He thus not only accounted for the 
origin of the merocytes, but established the fact of physiological poly- 
spermy for the selachian group. He traced a continuous series of stages 
from the entering sperm head to the fully developed merocyte. . He 
obtained finally the conclusive evidence of their origin from spermatozoa 
by determining that the dividing nuclei contained only one-half the 
somatic number of chromosomes. Riickert’s results for selachians were 
confirmed by Samassa, 95, Beard, 96, Sobotta, 96. His own complete 
account appeared in 1899. 

The present state of the controversy which involves the ultimate fate 
of the merocytes is outside of the province of this paper. The question 
whether there may be another generation of yolk nuclei arising in late 
cleavage stages, homologous with the periblast of teleosts, has been the 
subject of controversy chiefly between His and Riickert. 

The announcement of Riickert of the origin of merocytes from sperma- 
tozoa necessitated the modification of the prevalent assumption as to the 
universally pathological nature of polyspermy and opened up a field of 
inquiry as to the causes of normal polyspermy; its adaptiveness; its dif- 
ference from the so-called pathological type; the influences which pre- 
vent multiple conjugation with the egg nucleus; the cause of the migra- 
tion of the supernumerary sperms into the yolk; their change from 
mitotic to amitotic division, etc. The identification of these sperm nuclei 
with the long known “ yolk nuclei,’ to which had been assigned by 
common assumption the function of yolk digestion for the embryo, both 
in selachians and teleosts, raised the question whether in reality in the 
selachians the sperm nuclei have a normal or physiological role in 
embryonic development. 

As mentioned above, the presence of nuclei in the yolk during the early 
cleavage stages, forming a syncytium supposedly derived from the cleav- 
age nuclei, had been used as an argument to support the theory of the 
homology of the yolk of the selachian egg with the lower pole cells of 
the frog’s egg. 

Riickert holds that the cause of polyspermy in the selachian egg is 
simply the absence of protection against it, due to the thinness of the 
egg membrane. The phenomena of conjugation of sperm nuclei with 
each other and their multiple conjugation with the egg nucleus, seen 
in the case of nicotinized eggs (Hertwig, 87), he holds to be due not to 
polyspermy, per se, but to changes brought about by nicotinization. Such 
phenomena are absent in polyspermatic eggs, and he proposes a theory that 
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the sperm nuclei exhibit normally a repulsion for each other due to the 
presence and activity in some way of their accompanying sphere sub- 
stance. The absence or feebler development of the sphere substance in 
the egg nucleus accounts for the mutual attraction displayed by the male 
and female pronuclei. Moreover, the mutual repulsion of sperm nuclei 
disappears with the change of their environment from the germinal dise 
to the yolk as it disappears in the abnormal environment of nicotin- 
ized eggs. Hence conjugation of nuclei occurs in the yolk, giving rise 
to giant nuclei, pluripolar spindles and progressively increasing irregu- 
larity of division ending in amitosis. 

As to the adaptation of polyspermy to the large meroblastic egg, 
Boveri suggested that polyspermy was necessary in the case of the large 
egg to insure certainty of fertilization. Riickert maintains that the 
force of this argument is weakened by the fact that the region where 
the sperms may enter is very limited and is in close proximity to the 
egg nucleus. Sobotta accepted the above view of Boveri and also argued 
that the size of the egg was the factor which prevented multiple conju- 
gation with the egg nucleus, since the sperms could never in so large 
an egg enter at exactly the same time. Hence they would always be 
unequal in development, and the largest would become the male pro- 
nucleus. Riickert points out the inconsistency of maintaining that the 
size of the egg requires the entrance of many sperms to insure fertili- 
zation, and that the size of the egg is also what prevents multiple fertili- 
zation. Riickert believes that the mutual repulsion of sperm nuclei is 
at least to be regarded as a fact in the selachian egg, if not proved true 
for all monospermic eggs. He thinks it improbable that the sperm- 
nuclei have a normal function in the embryonic development, and leaves 
open the question of a possible second generation of nuclei arising from 
the cleavage cells in later stages homologous with the periblast of teleosts. 

As to the cause of migration of the accessory nuclei into the yolk, 
Riickert adduces his theory of repulsion, holding that the sperm nuclei 
are driven from the germinal disc by the advancing cleavage nuclei, 
owing to their superior power of repulsion. If the observations upon 
the pigeon in this regard prove anything, it is that the sperm nuclei 
migrate so early to the periphery of the germinal disc that it is difficult 
to believe they do this under the influence of the cleavage nuclei. As 
pointed out, they are found in the accessory cleavage region, far removed 
trom the affected area in the center of the disc, which seems to be the 
sphere of influence of the cleavage nuclei, as early as the formation of the 
first cleavage furrow. Moreover, they are nearly absent from the inter- 
mediate region at this time. This seems to point to the independent 
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activity of the sperm nuclei, rather than any mechanical driving of them 
from the inner region. What chemotactic influences there may be pres- 
ent we of course have no means of knowing. 


Some Features oF MiTosiIs IN THE PicEon’s Eae. 


Centrosomes and asters are structures which are frequently asserted 
to be absent from eggs heavily laden with yolk. For example, in the 
maturation stages of some amphibians they are said to be wanting. 
Speaking of the egg of unio, Lillie says that “rays form more readily 
in protoplasm free from yolk granules.” The bird’s egg is certainly 
as heavily laden with deutoplasmic granules as any, and these granules 
are of relatively large size. 

This question cannot be considered properly without taking into view 
- more than the earliest phases of development. If we take these into 
view in connection with the later cleavage, we find that there is a pro- 
gressive increase in the distinctness of achromatic structures as devel- 
opment proceeds. A typical mitosis from a rather late cleavage stage is 
shown in Fig. 29. Here the centrosome is a very large, well-defined 
granule, and spindle and astral fibers are distinct. 

In inquiring into the reason for the feeble development of astral fibers 
in the maturation stages of the pigeon’s egg, it does not seem that the 
interference of yolk granules in all cases accounts for the fact. For 
occasionally yolk granules are not especially near to the spindle, and the 
structures in question are not exceptionally well developed in these cases. 
In the maturation stages in the pigeon’s egg, the spindle is sometimes 
in an area free from granules, but the achromatic structures are essen- 
tially similar in all cases. Centrosomes and asters are inconspicuous, 
but the alveolar structure about the poles of the spindle, when copied 
with the camera, shows a somewhat regular radiate arrangement. There 
is no well defined centrosome, more than perhaps a cluster of minute 
granules difficult to make out. 

Some light is thrown on this matter of asters and centrosomes by 
mitosis in the sperm nuclei. As has been pointed out, these nuclei when 
they reach the periphery of the disc in their migrations, come to rest 
and become surrounded by large areas of cytoplasm, which is identical 
in appearance with the sphere substance associated with the nuclei 
earlier. As has been suggested, this cytoplasm is apparently the product 
of the activity of these nuclei, and is evidently of a highly plastic nature, 
giving rise in division to very regular mitotic figures, and well defined 
centrosomes. 

In the later cleavage stages of the blastoderm, the same is true. The 
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nuclei then are surrounded by entirely similar areas. They are at this 
stage limited in their movements by the cell boundaries, and so con- 
fined to very small areas. Consequently they become surrounded by 
cytoplasm, which is the product of their own activity in altering the con- 
stituents of the yolk. This material is highly plastic and responds to the 
forces operating in mitosis so as to produce regular figures. 

Compare with the hmited movements of these nuclei the wide migra- 
tions of the nuclei resulting from the first cleavage, and we see that the 
latter have no chance to become surrounded by an altered material, since 
all products of nuclear activity must rapidly become diffused into the 
surrounding cytoplasm. The reason for the different appearance in 
mitosis is seen when we compare the alveolar structure of the unaltered 
egg cytoplasm with that surrounding the later cleavage nuclei. The 
criginal egg cytoplasm is coarser, i. e., the alveoli are larger, and takes 
the cytoplasmic stains much less deeply. This is not very apparent in 
the drawings. In the maturation stages the absence of a metabolic 
phase of the nucleus for so long a period makes the surroundings of the 
nucleus least favorable of all apparently for the production of typically 
regular figures. It has been noted by some observers that the second 
maturation division differs from the first in the poorer development of 
asters, a phenomenon which might be due to the altered character of the 
surrounding cytoplasm. It would seem in the case of the pigeon’s egg 
that the hyaline zone surrounding the first polar spindle (Fig. 6a) is 
not reformed so conspicuously at the second division, there being only 
scattered vacuoles present at this period in the region surrounding the 
nucleus. The suggestion that the deutoplasmic granules surrounding 
the nucleus in these early stages inhibit the formation of achromatic 
structures is perhaps an incomplete explanation, since the nature of the 
cytoplasmic. groundwork may be a more fundamental cause. 


CoNncLUSIONS. 


1. As a result of the monogamous habit of pigeons, ovulation is nor- 
mally held in abeyance till aroused by the stimulus received from the 
male. The passivity of the female is compensated by the highly devel- 
oped and complex instincts of the male bird. The determination of the 
time of fertilization and egg-laying must date from the time of mating. 
The second egg of a pair is set free from the ovary and enters the 
oviduct within a few hours after the first is laid. The egg is impreg- 
nated before entering the oviduct. 

2. Polyspermy is normal. The most favorable region for entrance of 
sperms is the “fovea,” in a zone surrounding the egg nucleus. Never 
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more than one male nucleus has been found in very close proximity to 
the egg nucleus. 

3. The stage of development of the egg may be approximately inferred 
from its position in the oviduct. The first polar spindle is formed in the 
ovarian egg. The first cleavage occurs about the time the egg is entering 
the shell-gland. The time elapsing between impregnation and the first 
cleavage is apparently between two and three hours. 

4. The polar bodies he within the egg membrane, in a depression in 
the cytoplasm. ‘The second disintegrates before the first, showing a 
tendency to form a network and become metabolic like the egg nucleus. 

5. There is an area of active protoplasm surrounding the nucleus 
which during the maturation stages is oriented as a cone with the spindle 
at its apex, from which the polar bodies are pinched off. In preparation 
for cleavage, this area becomes oriented horizontally in the germinal 
disc. It undergoes amceboid changes and displays a differentiation into 
an outer hyaloplasmic and an inner granular area. It elongates in the 
direction of nuclear division, and divides with the division of the nucleus. 
The appearance of amceboid movements dies out during the resting period 
of the nucleus, and reappears at the second division. One blastomere is 
more hyaloplasmic than the other, and shows more complex amceboid 
changes. 

6. The supernumerary sperms which enter the egg pass from the 
point of entrance toward the periphery of the disc. The accessory nuclei 
undergo division earlier than the cleavage nucleus. At the margin of 
the inner disc they come to rest within the coarser granular material, and 
give rise to an accessory cleavage on the surface of the disc. They divide 
nutotically without abnormalities, so far as discovered at this stage. 
They contain the reduced number of chromosomes, which is eight. The 
chromosomes differ in shape from those of the cleavage nuclei and the 
maturation spindles, being more slender. In late cleavage these nuclei 
are found outside the blastoderm, at or near the margins, and dividing 
amitotically. Some traces of abnormal mitosis were found. 

?. Asters and centrosomes were found in the maturation stages, though 
not conspicuously developed. There is a progressive increase in the 
distinctness of these structures as the nuclei become limited to narrower 
areas by cell division, so as to become surrounded by the more plastic 
‘cytoplasm resulting from their activity in altering the yolk. The less 
pronounced development of these structures in the maturation and early 
cleavage stages seems due to the nature of the cytoplasmic groundwork, 
as well as to the casual interference of yolk granules. The sperm nuclei 


likewise do not display well developed achromatic structures till they are 
28 
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delimited within narrow boundaries in the accessory cleavage area, when 
they become surrounded by large cytoplasmic areas free from yolk gran- 
ules and display well developed and regular mitotic figures. 
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EXPLANATION OF PLATES. 


Pear) le 


Fie. 1. Ovarian egg 1.4 mm. in diameter, showing nucleus. X 120. 

Fies. la and b. Nuclei of ovarian eggs about 1 mm. in diameter. » 312. 

Fic. 2a. Nucleus of ovarian egg 4 mm. in diameter. 120. 

Fig. 2b. Horizontal section through germinal disc of ovarian egg, 1% inch 
in diameter, showing nucleus; @, group of chromosomes; 0, chromatin network. 
x 120. 

Fic. 8. Nucleus of an ovarian egg % of an inch in diameter. >< 120. 

Fig. 4a. Vertical section through germinal disc and nucleus of ovarian egg, 
% of an inch in diameter. x 50. 

Fic. 4b. Nucleus of same, enlarged; a, group of chromosomes; b, group of 
nucleoli; c, refractive substance; d, wall of nucleus; e, follicular envelope of 
egg, outer layers of capsular wall not shown. Combination of two sections. 
x OSDe 

Fig. 5. Vertical section through disc of mature ovarian egg, taken from 
ovary after laying of first egg. Time, 7.30 P.M.; a, spindle; B, perivitelline 
layer; c, layer of substance free from deutoplasmic granules. >< 200. 


1Bevinay 1 


Fic. 6. Surface appearance of germinal disc about time of fertilization; a, 
inner area; b, outer zone; c, fovea. 10. 

Fic. 6a. Horizontal section of germinal disc of egg loosed from ovary and 
not yet entered oviduct. Time, 9.00 P.M.; a, egg nucleus; b, sperm nuclei; 
c, polar ring. < 125. 

Fic. 6b. Same enlarged, showing zone in which the sperm nuclei lie. 
X 1000. 

Fics. 7a-h. Stages in transformation of entering sperms. > 2000. 

Fic. 7i. Inwandering follicular cell. x 2000. 

Fig. 8. Vertical section through disc showing second polar spindle, polar 
body and surroundings. Combination of two sections. Position in upper end 
of oviduct. Time, 7.45 P.M. » 200. 

Fic. 9. Vertical section, showing second polar spindle, polar body and 
surroundings. Time, 10.15 P.M. » 333. 


Eugene Howard Harper 385 


Fic. 10. Vertical section. Pronuclei and surroundings. ¢ pron. at left. 
From two sections. Time, 11.50 P.M. x 400. 

Fig. 11. Vert. section, showing pronuclei. Time, 10.15 P. M. » 400. 

Fig. 12. Vert. section, showing pronuclei and surroundings. Time, 10.40 
PAM. >; $C 200: 

Fic. 13. Vert. section, showing segmentation nucleus and surroundings. 
Pair of sperm nuclei at left. Time, 12 P.M. 200. 

Fig. 14. Horizontal section, showing first cleavage spindle and surround- 
ings. Position in oviduct at constriction between upper portion and shell 
gland. Time, 10.30 P.M. x 200. 

Fic. 15. Horizontal section, showing first pair of cleavage nuclei and sur- 
roundings. Combination of two sections. Time, 12 P.M. » 80. 

Fig. 16. Horizontal section showing first pair of cleavage nuclei at begin- 
ning of second division and surroundings. mn, nucleus; f, first furrow. Posi- 
tion in shell gland of oviduct. Time, 1.00 A.M. » 80. 


Prare TEL: 


Fic. 17. Horizontal section through nucleus of ovarian egg (Fig. Zb), 
showing group of chromosomes. a, pair of dyads; b, refractive substance in 
vesicular mass. X 2000. 

Fic. 18. Group of chromosomes in equatorial plate from a mature ovarian 
ese. Same stage as Fig. 5, but from a different egg. 2000. 

Fie. 19. Group of chromosomes in equatorial plate of first polar spindle, 
showing central spindle granules. From same egg as Fig. 6a. 2000. 

Fig. 20. Vertical section, showing first polar spindle. Central spindle gran- 
ules present as in 19, but not drawn. Egg clasped by funnel of oviduct. Time, 
8.50 P.M. x 2000. 

Fie. 21. Vert. section, showing second polar spindle, not completely formed 
and first polar body. One chromosome not in equatorial plate. Combination 
of two sections. Time, 8.55 P.M. x 2000. 

Fie. 22. Vert. section, showing second polar spindle and first polar body. 
See Fig. 8. x 2000. 

Fig. 23. Vert. section showing second polar spindle and first polar body. 
Chromosomes are separating. Combination of two sections. Time 8.15 P. M., 
< 2000. 

Fie. 24. Second polar spindle. See Fig. 9. 

Fic. 25. Vert. section, showing polar body, and egg nucleus as a fused mass 
of chromosomes. Combination of two sections. Time, 10.45 P.M. » 2000. 

Fic. 26. Vert. section, showing polar bodies, egg nucleus without definite 
membrane, inner sphere enlarged. Combination of two sections. Time, 8.55 
P.M. » 2000. 

Fic. 27. Vert. section, showing completely reconstructed egg nucleus and 
polar bodies. Time, 8.30 P.M. > 2000. 

Fie. 28. Horizontal section showing first cleavage spindle in prophase. 
Chromosomes not drawn into equatorial plate. See Fig. 14. x 2000. 

Fie. 29. Spindle from cell of blastoderm about fifteen hours after fertill- 
zation. Chromosomes not all shown. x 2000. 

Fie. 30. Sperm nucleus from 2-cell stage of the egg. In prophase of divi- 
sion. x 2000. 
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PLATE LV. 


Fig. 31. Pair of sperm daughter nuclei. See Fig. 13 at left. x 1000. 

Fig. 32. Sperm nucleus in prophase of division. x 2000. 

Fig. 88. Sperm nucleus in division; shows chromosomes splitting. A ves- 
icular refractive body and a yolk granule at right. x 2000. 

Fic. 34. Anaphase of division of sperm nucleus in polar view, lighter 
group of chromosomes are in different plane. x 2000. 

Fig. 35. Late anaphase of division of sperm nucleus. Figures 30-35 are 
all from the same egg. X 2000. ; 

Fic. 36. Vert. section through blastoderm about fifteen hours after fertili- 
zation. Shows nuclei free in the yolk at the edge of the blastoderm. One 
nuclear nest is shown. X 120. 

Fie. 87. Similar to above. A “giant nucleus” is present in yolk. xX 120. 

Fic. 58. From same egg as above. Shows an area in which two groups 
of chromatic staining bodies lie. a, chromatin vesicle; b, refractive body; c, 
yolk. >» 2000. 

Fics. 89 a, b, ¢, d, e. Nuclei in yolk showing amitosis. x 1000. 

Fie. 40. Surface view of germinal disc showing first furrow and accessory 
cleavage beginning at one side. Time, 12.20 A.M. 10. 

Fie. 41. Surface view of four-cell stage, showing accessory cleavage. Time, 
3.15 A.M. » 10. 

Fig. 42. Surface view of 8-cell stage with accessory cleavage. Time, 2.10 
A.M. 10. 

Fie. 43. Surface view of eight-cell stage. Accessory cleavage not shown. 
Time, 3.55 A.M. x 10. 

Fic. 44. Surface view of sixteen-cell stage. Accessory cleavage not drawn. 
x 10. ; 

Fic. 45. Surface view of sixteen-cell stage. Daughter nuclei are visible 
in a whole mount of the disc and are shown in the drawing. Accessory 
cleavage not drawn. The boundary represents the margin of the inner zone 
of the germinal disc. x 20. 
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DUPLICATE TWINS AND DOUBLE MONSTERS. 


BY 
HARRIS HAWTHORNE WILDER, Pu. D. 


From the Zodlogical Laboratory of Smith College. 


WITH 2 PLATES AND 11 FIGURES IN THE TEXT. 


Having recently called attention to the great similarity in the config- 
uration of the epidermic ridges on the palms and soles of identical 
twins, and seeing that the subject is one involving important biological 
problems, it has seemed to me of importance to collect as much evidence 
as possible on this head, and place it in convenient form, that it may 
serve as a basis for future speculation. 

Furthermore, as identical or duplicate twins have not been generally 
defined save by the somewhat untrustworthy criterion of facial resem- 
blance, and as their close relationship to certain of the types included 
under the head of double monsters has not been clearly emphasized, I have 
begun the paper with a discussion of the general subject. This portion 
of the paper, which presents a series of the most important data con- 
cerning twins and compound monsters, will serve as a necessary back- 
ground for the facts presented in Part II, which constitutes the more 
original part of the investigation. Part III presents the deductions as 
far as they seem indicated, but is intended more as an aid in directing 
speculation in the future than as a set of dogmatic assertions which 
would be at present premature. 


Part I. 


MULTIPLE BIRTHS AND THEIR RELATIONSHIP TO COMPOSITE 
MONSTERS. 

DUPLICATE AND FRATERNAL T'wIiIns.—It is well known that there are, 
at least in the human species, two types of twins; the first include those 
cases where the sex may or may not be the same and where the general 
resemblance is about what may be expected in the case of any two children 


1Cf. Palms and Soles, in Amer. Jour. Anat., Vol. I, p. 425, Nov., 1902. 
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of the same family; the second, those who are invariably of the same 
sex and who otherwise so closely resemble one another that it is difficult 
or impossible, especially during youth, for those not intimately associated 
with them to distinguish between them, the so-called “identical” or 
“homologous” twins. 

Although these two types are both very common, the second rather 
more than the first, there seems to be in the popular mind no clear dis- 
tinction between them. ‘That there is a general impression that twins 
ought to look alike appears from the emphasis placed upon cases where 
they do not, but that this identity of facial expression does not extend to 
twins of opposite sex is a fact not commonly apprehended, and instances 
in literature are not rare in which a young woman in disguise is passed 
off as her twin brother, or the reverse. As a matter of fact all twins 
of opposite sex, as well as many cases in which the sex is the same, 
belong to the first, or non-identical type, while for the second type an 
identity of sex as well as of facial expression and other bodily peculiari- 
ties is a prerequisite. 

Concerning the nature of this peculiarity, the most plausible and, in 
fact, the only hypothesis is that twins of the identical or homologous type 
are produced by the division of a single fertilized egg, while the other 
type results from the fertilization of two separate eggs, either from the 
same or different ovaries, and are thus two fundamentally distinct indi- 
viduals, 7. e., a case of multiple birth such as normally takes place in most 
species of mammals. As expressed recently by Weismann, o2 (II, p. 54), 
“Wir haben nun allen Grund, die erste Art von Zwillingen (1. e., fra- 
ternal) von zwei verschiedenen Hizellen abzuleiten, die letztere Art aber 
(7. e., duplicate) von einer einzigen, welche erst nach der Befruchtung 
durch eine Samenzelle sich in zwei Hier getheilt hat.”* Corresponding 


2It seems impossible, with any degree of certainty, to place the credit for 
the first enunciation of the above hypothesis. Although often attributed to 
Francis Galton, Baudouin, 91 (p. 274), ascribes it to Camille Dareste, the 
noted teratologist, who in 1874 defended this theory before the Societé 
d’Anthropologie against the opposition of Paul Broca. Fisher, however, in 
1866, antedating the statements of either of the above on the subject, advances 
the same hypothesis to account for the formation of double monsters, stating 
that they “are invariably the product of a single ovum, with a single vitellus 
and vitelline membrane, upon which a double cicatricula, or two primitive 
traces, are developed” (66, p. 208). As Fisher published in a magazine not 
readily accessible, at least at that time, to foreign investigation (Trans. Med. 
Soc. State of N. Y.), and as the similarity of separate and united duplicates 
might not have appealed to them, the formulations of both Galton and Dareste 
may well have been arrived at independently of Fisher’s theory, and the 
same ideas may have occurred also to others working in the same field, since 
the hypothesis is of so obvious a nature. 
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to this hypothesis, which, in the light of our present knowledge, appears 
to be not far from the truth, we may designate these two types respectively 
as Fraternal and Duplicate, thus doing away with the misleading and in- 
applicable terms “identical” and “homologous” as applied to the one 
type, and furnishing a distinguishing term for the other, which seems 
thus far to have remained without a name.” 

INTRA-UTERINE RELATIONS.—As the discussion of the origin of these 
two types of twins leads us to the consideration of the conditions which 
obtain during early embryonic life, we naturally turn to the observations 
furnished by obstetricians; but this source, although supplying numerous 
illuminating facts, is less valuable than it should be, owing to the fact 
that medical men share the popular confusion noted above in regard to 
twins and that, while they record trustworthy details concerning placen- 
tation and other relationships, they fatl to correlate with these the neces- 
sary data concerning sex and general resemblance, the last item of which 
involves the following up of the case through several years of develop- 
ment, a line of work hard to accomplish during active professional life. 
The most noteworthy set of data covering these points are those tabulated 
by O. Schultze, 97, who gives in the form of a classification the various 
intra-uterine relationships which have been observed in twin births, with 
suggested correlations of the type of twin produced in each case. As this 
table is so essential to the present inquiry, I will transfer it in a some- 
what abbreviated form, modifying its very accurate terminology to con- 
form to that in more general use. 


INTRA-UTERINE RELATIONSHIPS IN TWIN GESTATIONS. 


Case I.—Two separate blastodermic vesicles with two decidue reflexze 
and two placente. This case is probably one in which there are two sepa- 
rate eggs, either from the same or from opposite oviducts, and implanted 


3 Strictly speaking, the word “fraternal” applies only to twins of the male 
sex, since in Latin, as well as in English, there is no word which, like the 
German “ Geschwister,”’ applies to sisters and brothers alike. The present 
use of the word in question, however, corresponds to that of the English 
masculine pronoun “he” in similar cases, and thus seems entirely warrant- 
able. Pearson’s term “ Sibling” is correct in meaning, but is so rarely used 
that I hesitate to employ it. 

*Schultze confines the term “ Keimblase” (blastodermic vesicle) to the 
blastula stage of the embryo, employing for the later stages, to which the 
same term has been generally applied hitherto, the term “ Fruchtblase.” The 
parts surrounding this and supplied by the uterine mucous membrane are 
termed collectively ‘“ Fruchtkapsel,”’ the free portion of which is the decidua 
capsularis (decidua reflexa autt.). 
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at some little distance from one another. In one case investigated by 
v. Kolliker, the two deciduz were distinct but partially adherent over 
the surfaces in mutual contact, and in another the contact surfaces had 
fused into a single wall into which, from the two opposite sides, the 
chorionic villi of the two embryos had grown. In addition to this, one 
of the placentee was of the type known as a placenta marginata, caused by a 
fold of the decidua. [This case is evidently a normal multiple birth, a 
condition hard to accomplish in a uterus of the shape found in human 
beings, and often attended by such phenomena as adhesions, fusions and 
foldings, all indicative of crowding and of nothing else. ] 

Case II.—Two separate blastodermic vesicles enclosed in a single 
decidua. Placentz fused with one another but with two separate sets of 
umbilical vessels. Two chorions, fused at the point of contact. This case 
is more frequent than (1) but apparently results from the same general 
cause, t.¢., two separate eggs, which are, however, implanted nearer 
together. This would seem more likely to happen if both eggs came 
from the same side. [The conditions are seen to be similar to those of 
(1), the greater degree of fusion being well accounted for by the greater 
approximation of the two eggs to one another. | 

Case IIJ.—Two amnions and two umbilical cords but with a single 
placenta, in the middle of which the two cords meet and upon which the 
umbilical vessels closely anastomose. These are enclosed in a single 
chorion and covered by a single decidua reflexa. This case is said by 
Hyrtl to be more frequent than (I) and (II) but is not as frequent 
according to Spith. The twins are always of the same sex. Schultze 
says that the explanation of this singular condition is “ zweifelhaft,” and 
gives the following possible explanations: (1) At first two chorions, as 
in (IT), the contact wall between which becomes absorbed later; (2) may 
have come from a single egg with double yolk, or (3) from an ovarial 
egg with two nuclei (cf. v. Franqué, 98, Stoeckel, 99, H. Rabl, 99, and 
v. Schuhmacher u. Schwarz, 00). It is conceivable that from such an 
egg as this last two blastodermic vesicles and two chorions could develop 
within one zona pellucida, at a later stage of which the two chorions 
could fuse. V. Kélliker considers it more probable, however, that in 
such a case the egg would develop two embryonic areas upon a single blas- 
todermic vesicle and that a single chorion would then be the natural 
result. Each embryonic area would develop its own amnion. In this 
case the two allantoides would necessarily fuse, being included in a single 
chorion, and there would come to be between the two embryos a single 
(common) yolk-sac with two yolk-stalks. V. K6lliker has observed such 
cases in hen’s eggs (but without the fusion of the allantoides). M. Braun 
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has seen it in lizards and Panum describes separate embryonal areas upon 
one yolk (hen’s egg). See also Kaestner’s figure of a double egg of 
Pristiurus, 98. [This case seems to put us on the right track regarding 
the origin of duplicate twins, especially since it is stated that the twins 
are always of the same sex, and although observations of later physical 
identity are wanting, it seems safe to assume it. It would seem hardly 
probable, however, that duplicate twins would arise from an ovarial egg 
with two nuclei, since in such a case the fertilization could be effected only 
by means of two spermatozoa, thus introducing different paternal charac- 
ters; but if we reject all of Schultze’s alternatives and substitute the pos- 
sibility suggested above, that of the complete separation of the two blas- 
tomeres resulting from the first cleavage of a fertilized egg, the two 
components would still remain within one zona pellucida and would 
later become enclosed within a single chorion, which would develop a 
single placenta to which each allantois would later become attached. Hach 
blastomere would undoubtedly form at first an independent blastodermic 
vesicle but the close association of the two would readily tend toward a 
fusion of the contact surfaces, thus forming a single vesicle upon the 
surface of which are two embryonal areas. If far enough apart from 
one another, each would develop its own amnion, but if near together a 
common amnion would result, thus producing the condition given in 
Case IV. This whole matter of the actual condition of the development 
of two closely associated embryos is very obscure, as there are but scattered 
and insufficient data bearing upon the case. It will receive a more 
extended consideration later on, under the headings “ Origin of com- 
posite monsters ” and “ Other recent theories concerning the genesis of 
composite monsters.” | | 

Case IV.—Similar to (III), but with both embryos enclosed in a 
single amnion. This is a very rare case, explicable only by postulating a 
single blastodermic vesicle upon which the two embryonal areas are nearly 
or entirely in contact with one another, a case which has been described 
by several authors as occurring in the hen’s egg. In such a case there 
would be an almost irresistible tendency towards the fusion of the two 
embryos along the line of mutual contact, thus producing some form of 
composite monster. (Schultze says: “ Doppelmissbildungen,” but I use 
the word double in a more restricted sense as explained below.) 

[As Case II is seen to be a variation of Case I with the two embryos 
nearer together, so Case IV is seen to be a similar variation of Case III, 
with a similar result, 7. e., the more complete fusion of parts, although 
here, owing to the direct connection of the two embryos the fusion is 
liable to extend also to these and produce abnormal results. There are 
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thus primarily, not four but two cases, corresponding to the two types of 
twins, Fraternal and Duplicate. The close connection of IV and III 
suggests what may have already occurred to the reader, that many cases 
of compound monsters come under the same category as separate dupli- 
cates. This is quite probable, but such forms, arising from a secondary 
fusion, would be asymmetrical and more or less unequal, and would come 
under the class of autosite and parasite rather than that of symmetrical, 
or genuine double, monsters. | 

DEFINITIONS OF DUPLICATE AND FRATERNAL Twins.—These consid- 
erations, together with the distinctions made at the beginning of the 
article, will enable us to formulate distinctive definitions of the two forms 
of twins, as follows: 

I. Fraternal Twins.—Either of the same or opposite sex and bearing 
no closer physical resemblance than is usual in children of the same fam- 
ily. These probably originate as two separate eggs, and any intimacy 
of association during intra-uterine life (which is never as close as in 
duplicates) may be attributed to the crowding within narrow limits to 
which they are necessarily subjected and for which no adequate provision 
is made such as occurs in mammals in which multiple births are the rule 
and not the exception. 

Il. Duplicate Twins.—Invariably of the same sex and exact or approxi- 
mately exact physical equivalents of one another, especially in youth, 
before the modifying influences of environment and habit have had much 
opportunity to affect them. During intra-uterine life these are more 
intimately associated than are other twins, and in rare cases this associa- 
tion is of so close a character as to result in the production of compound 
monsters. All such cases, whether separate or united, may be referred 
to one and the same cause, that of some division in the fertilized egg, 
presumably that of the first cleavage nucleus, in such a fashion as to result 
in the formation and development of two embryonal areas upon a single 
blastodermie vesicle. 

TRIPLETS AND OTHER MuttiepLe Brrtus.—The subject of twins and 
their intra-uterine relations is not complete without reference to the 
similar phenomena presented by triplets and the rarer cases of higher 
numbers at a single birth. According to the statistics of Veit the review 
of thirteen million birth records in Prussia shows that cases of twins 
occur once in every 88 births, triplets once in 7910, and quadruplets once 
in 371,126, and Norris, 96, states that twin births occur in New York 
and Philadelphia in the proportion of 1 to 120, while in Bohemia the 
proportion is 1 to 60. Mirabeau, 94, states that triplets are most com- 
mon in multiparous women between thirty and thirty-four years of age, 
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where they occur once in 6500 births. Above quadruplets authentic cases 
are, as might be expected, very rare, but the Index Catalogue of the Sur- 
geon-General’s Library at Washington reports (according to Gould and 
Pyle, 97) 19 cases of quintuplets and two cases of sextuplets. A case of 
seven at a birth is recorded, according to Barfurth, upon a memorial 
tablet of the year 1600, found at Hameln an der Weser, and the Boston 
Medical and Surgical Journal of Sept. 26, 1872 (Gould and Pyle) gives 
numerous authentic details of a case in which eight children, all alive 
and healthy, but rather small, were produced at a single birth. This 
number may serve as a limit for authentic cases, but numerous medieval 
authorities are considerably more liberal in the matter. 

Our immediate interest here centers about the details of intra-uterine 
relationships, and of sex and general resemblance; and, as might be ex- 
pected, details are very meagre and are often lacking in particulars quite 
essential to the present argument, although data enough have been dis- 
cussed here to render it probable that in multiple births over two in 
number, the same two classes exist as in the case of twins, and that the 
individuals of a set may be all duplicates, or all fraternal, or, what seems 
to be more common, both sorts may exist in the same set. When larger 
numbers than three are involved, it seems possible to divide the individ- 
uals into two or more groups in accordance with this distinction; thus in 
quintuplets two may be duplicate twins, while the other three may form 
a set of duplicate triplets, if the expression be allowed, or there may be 
two sets of duplicates and a fraternal member, and so on. 

As in determining the type of twins, the three sets of data which are 
of use here are (1) the intra-uterine relationships, (2) the sex and (3) 
the general physical appearance, and it seems thus far impossible to obtain 
all three sets of data in any one instance. The conclusions are, there- 
fore, in the line of inference, but as such, particularly with the study of 
twins to guide us, they seem fairly safe, and may be utilized as prophesies 
or a priort deductions with which the data obtainable in the future may 
be compared. 

The obstetrical phenomena observed in these cases are not numerous, 
but taken in connection with the similar study of twins, are extremely 
suggestive. Schultze says that in instances of triplets his Case III (see 
above), with a single chorion, has been noted, and also Cases I and II, 
with separate chorions. [The first instance is evidently a case in which 
all the individuals are of the duplicate type and the others are undoubt- 
edly fraternal.] In another case one blastodermic vesicle was independent 
and distinct from the others, while the other two were related as in Case 
III [evidently two duplicates and one fraternal]. Sperling reports a 
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case like the second one of Schultze in which each individual had its own 
chorion, amnion and placenta, and in which both sexes were represented 
[fraternal type]. In a case of quintuplets (Schultze) the five individu- 
als were divided into two groups, one of three and the other of two, each 
group with one placenta and a single amnion. [Probably a set of twins 
and a set of triplets, each of the duplicate type, and born at the same 
time, 1. e., the groups were fraternally related. The fact of the enclo- 
sure of the members of each group within a single amnion interprets this 
as two simultaneous instances of Case IV, and suggests the danger of 
the fusion of the individuals of each group into a composite monster, 
owing to the necessary proximity of the embryonal areas. | 

Concerning the possibility of sex in multiple births, it is evident mathe- 
matically that triplets must be either of the same sex or else two must 
be of one. and one of the other. None of these cases postulate much 
concerning the intra-uterine conditions or the type of individual, except 
that where both sexes are represented, they cannot all be of the duplicate 
type. In such a case the two that are of the same sex may be duplicates 
or not. In quadruplets, of which reference to 72 cases is found in the 
Index Catalogue of the Surgeon-General’s Library at Washington (Gould 
and Pyle) the case becomes still more complicated and practically nothing 
can be postulated from sex data alone save a certain number of proba- 
bilities. In one case, for instance, two girls possessed a single placenta 
between them while the two others, apparently girls also, had each her 
own placenta. Here little can be told owing to the insufficiency of data, 
but it may be surmised that the first two were duplicate and the last two 
fraternal. Another case reported in which there were two boys and two 
girls, all united to one placenta, is a little difficult to classify, but the 
union of placentae may have been due in part to the close approximation, 
and it is possible to consider the case one of two sets of duplicates, related 
set to set as in Case IT. 

As regards quintuplets, I have seen reports of the following combina- 
tions of sexes, although the other data were insufficient to draw any con- 
clusions whatever: $9999, dISSP, SISPL, POPS. 

In each of two cases of sextuplets there were four boys and two girls 
and in at least one of these (Vasalli, 88) there was a common placenta 
for all. In the only authentic case of octuplets which I have been able 
to find (Boston Med. and Surg. Journal, Sept. 26, 1872) there were 
five boys and three girls. 

Concerning the third set of data, that of physical identity, although 
of extreme importance in the present argument, no mention is made in 
any of the cases above quoted, evidently because they were the reports of 
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obstetricians who had no opportunity of following the cases into later 
years. Another cause of this lack of evidence is the great liability of the 
death of at least one of the set before they have matured sufficiently to 
show individual characters. We are thus forced to depend upon such data 
as can be obtained concerning older children and adults, in which cases the 
intra-uterine conditions are no longer obtainable, and it seems well-nigh 
impossible with such observations as have been taken up to the present 
time to obtain the three sets of codrdinate data from any one case. This 
has resulted in part from the difficulties in the way of obtaining data 
requiring observations several years apart, but in great measure also from 
the lack of theories to show what data are needed, and thus each observer 
has obtained what seemed of interest to him. Although it is very evident 
that a busy practitioner during the rounds of his daily and often nightly 
visits has but little time for detailed observations beyond those called for 
by the actual needs of the cases, yet learning is advanced by just such 
data as those which he has the opportunity to collect, and it is by the 
compilation of facts like these that most important generalizations may 
be ultimately obtained. Any facts obtained and communicated to the 
writer or to any one else at work upon the theoretical side of the subject 
will further the advance of general knowledge in this field. 

So far as I have been able to learn there is, as in the case of twins, a 
general belief that triplets and quadruplets ought to look very much 
alike, but the data obtained from the placental conditions certainly sug- 
gest that cases of fraternal components may also occur, either with or 
without the combination of duplicate components in the same set. One 
sees occasionally photographs of duplicate twins or even quadruplets 
employed for the purpose of advertising some infant’s food or similar 
goods, but, although the probabilities are that they are authentic, there 
are numerous possibilities of deception known to modern photography, 
even to the repetition of a single person upon one and the’ same plate, 
thus rendering data from these sources a httle too unreliable for use in 
this place. I have obtained, however, a genuine case of triplets, the com- 
ponents of which are all duplicates of one another. A photograph was 
taken of these at the age of eighteen and exhibits a remarkable degree of 
resemblance. In early life the physical identity of these triplets must 
have been complete, as the following extract will show, taken from a letter 
concerning them written by a lady who, when a young girl, knew the 
- triplets as children. “I have seen twins that looked very much alike, 
but I could see a difference when they were together. I could not see 
‘any difference in these triplets when they stood in a row before me, and ! 
never saw any one.else who could, except their mother. She said she 
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could, but I doubted it; they used to fool her often. When they were 
babies she kept different colored beads around their necks to tell them by. 
They always weighed on the same notch until they were seven years old, 
then one gained half a pound more than the others.” ° 

DuPLICATES AMONG LowER ANIMALS.—It¢ is altogether likely that 
the phenomena of duplicate twins and other similar combinations are not 
confined to man but that they are more or less common among the lower 
animals. In mammals that produce several young at a time, it is prob- 
able that the components are mainly fraternal, but it is also likely that 
there may be occasionally one or even more sets of duplicate components 
in a given litter among their normal and contemporaneous brothers and 
sisters. 

Observations upon this point are best made by a study of the intra- 
uterine relationships, although in piebald domestic animals there is often 
sufficient individual differentiation to render possible observations along 
the line of personal resemblance, characters in color and marking taking 
the place of those in facial expression. Regarding lower vertebrates, 
especially birds, a large number of instances have been recorded, some of 
which are of interest in this connection. Thus, v. Kolliker describes a 
hen’s egg containing two embryos, each with its own amnion and allan- 
tois, but sharing betwen them a single yolk to which each was attached 
by its own independent yolk-stalk, and M. Braun has noted a similar 
condition in the lizard. ‘These cases are cited by Schultze and placed by 
him under his Case III, given above. The mature results of these would 
certainly have been duplicate twins, either separate or united in the 
umbilical region. For invertebrates the very numerous experiments of 
Wilson, Morgan and many others, performed upon the alecithal eggs of 
numerous marine forms, and in which separate individuals are formed 
by shaking apart the early blastoderms, suggest that the same result may 
occasionally take place spontaneously. The individuals thus artificially 
produced are undoubtedly genuine duplicates, and the process seems in 
every way comparable with the phenomena postulated above as occurring 
in the vertebrates, making allowance for the complications introduced 
in the latter case by the presence of yolk-sac and other extra-embryonal 
organs. 


5 When they were little girls one of them confided one day to a friend that 
she had been bathed three times that morning, while the others confessed that 
they had not been bathed at all, an incident that emphasizes their complete 
bodily identity at that period. 
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RELATION OF DupLticaTtE Twins To DousLtE Monsters.—The fact 
that in these experiments with invertebrates an incomplete separation of 
the components will produce various types of double monsters suggests 
that certain instances of these latter among vertebrates such as have been 
especially recorded in the case of man and other mammals, may be due 
to a similar origin. The opposite principle, also, that of the fusion of 
what were originally either separate eggs or separate blastoderms, seems 
also to obtain in some instances, as would be very apt to be the case 
where two blastoderms are enclosed by a single amnion (Schultze’s 
Case IV), “ein Fall . . . der den nachsten Uebergang zu den Doppel- 
missbildungen darstellt,” but in this case the two resulting compounds 
would not be symmetricaly joined nor of equal development. 

Aside from these and similar speculations, nothing is definitely known 
concerning the real origin of either equal or unequal composite monsters, 
although these phenomena have been a favorite subject for speculation in 
all ages, and have given rise to numberless theories. Of these the most 
plausible seem to me those based upon the experiments with the eggs of 
invertebrates and upon the intra-uterine relations just considered, but, 
although we have these phenomena on the one hand to serve as causes, 
and the various types of composite monsters as results, the connection 
between the two is still mainly a matter of conjecture, and we are far 
from being able to explain definitely the relations between the various 
causes and the equally varied results. It is thus merely as a working 
hypothesis, upon which to base the facts presented later on in the paper, 
that I shall attempt here a discussion of the relationships of twins of both 
sorts to composite monsters, the relationships of the various types of 
these monsters to one another, and the probable causes which lead to the 
production of each type. 

To present the material for this discussion before the reader, the fol- 
lowing list of recorded instances has been compiled, whenever possible 
from the descriptions of actual observers; much also has been obtained 
from the various compilations referred to at the beginning of the bibliog- 
raphy. To all these sources I wish to acknowledge my indebtedness. 

The classification adopted for this list is purely a geometrical one, and 
differs but little from that of other authors, the main attempt being to 
arrange the material in a convenient form for later reference. Later on, 
in discussing the origin of these monsters, they will be arranged in accord- 
ance with their probable physiological relations, in an attempt to show the 
causes of these phenomena. These relations are expressed also in the 
general diagrams (Plate A.). 

29 
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Classified List of Composite Monsters. 


I. DOUBLE MONSTERS IN WHICH THE COMPONENTS, OR COMPONENT 
PARTS, ARE EQUAL TO AND THE SYMMETRICAL EQUIVALENTS 
OF ONE ANOTHER. DIPLOPAGI. 


These forms show, wholly or in part, two duplicate components, which are 
the equivalents of one another in size and development, 7. €., homo-dynamous; 
and are symmetrically placed as equivalent halves of the composite body of 
which they form a part. Occasionally, through lack of space, limbs and other 
parts which lie upon the inner aspect of the components, near the line of 
fusion, become more or less suppressed in their development, which may lead 
secondarily to a lack of complete symmetry in this region. (Hxs. Osborne’s 
calf, Blanche Dumas; v. infra.) 


1. HEacu or THE Two COMPONENTS COMPLETE OR NEARLY: SO. 


Cases included under this division, of which the Siamese twins form a noted 
example, are plainly duplicate twins, in every respect like normal ones, but 
with a slight bond of connection uniting them, the position of which may 
vary but which is so placed as always to arrange the components symmetri- 
cally with reference to it, i. e., the bond is confluent with each twin at the 
same spot anatomically, but, when other than median, the connection is with 
the right side of one and the left side of the other. The components possess 
the same degree of physical identity as is seen in normal duplicates. 

a. Connection in or near the sternal region, usually median, so that the 
components stand face to face, sometimes more lateral. Thoracopagt. 
Type: Siamese twins, “ Chang-Eng”; male; born in Siam, 1811. Exam- 
ined at Harvard University in 1829, by Warren. Exhibited throughout the 
United States and several European countries (exhibition forbidden in France 
on account of the possible influence upon pregnant women!). Finally settled 
in North Carolina as farmers, under the name of Bunker. Both married. 
Chang had six children and Eng five, all normal. They died, almost simul- 
taneously, in 1874. 

Other cases: 

1. Hindoo sisters, described by Dr. Andrew Berry, 1821. 

. Newport (Ky.) sisters, Austin Medical Gazette, 1832. 

. Orissa (India) sisters, ‘“‘ Radica-Doodica,” b. 1887. 

. Arasoor (India) sisters (mentioned by Gould and Pyle, p. 171). 

. Two sisters spoken of by Swingler; operated upon and both lived. 

. Swiss sisters, “ Marie-Adele,” b. 1881. Separated at age of five months, 
but both died. 

b. Connection by the heads, in various regions, usually median. Cranio- 
pagi. Type: Geoffrey St. Hilaire’s case. Two sisters, b. 1495 and lived to 
the age of ten; joined at foreheads, otherwise entirely normal; when one 
died an unsuccessful attempt was made to separate the other. 

Other cases: 

1. Daubenton’s case. Union was at occiput; farther details fail. 

2. St. Petersburg case. 1885. ‘“‘So united that the nose of one, if pro- 
longed, would strike the ear of the other.” This description is 
hardly clear, and at first thought appears to violate the law of 
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symmetry observed in other cases; probably a juncture at the side 
of the forehead. 

3. A case is reported by Villeneuve, 31, in which the two components are 
united by the tops of the heads, extending in opposite directions, 
like ischiopagi, only joined at the anterior instead of at the pos- 
terior ends. They are placed in such a manner that they face in 
opposite directions. This is figured by Forster in his Taf. III, 
Fig. 16. 

(An exact counterpart of this, occurring in a hen’s egg, was found 
in my laboratory in 1895, but unfortunately was not preserved. 
The chicks were of about the third day and were united along the 
top of the curve formed by the brain at that age, the heads turning 
in opposite directions. ) 

4. With some doubt there may be referred here the case cited by Home, 
1790. In this a single child possessed an inverted head joined to its 
own, vertex to vertex, the face of the extra head being directed 
towards the right side of the child. As the supernumerary head 
was of full size and perfect, and furthermore as there was cicat- 
ricial tissue at the neck, it may well be supposed that this head 
once had a body equal to the other, and that it had suffered an early 
amputation at the neck. (See also below, under II, 1, c.) 

c. Connection at sacrum, the components being placed back to back. Pygo- 
pagi. Type: Bohemian twins, Rosalie-Josepha Blazek. These sisters were 
born at Skreychor, Bohemia, January 20, 1878. They were examined at the 
age of six months by Dr. August Breisky of the Medical Faculty at Prague. 
At thirteen they came to Paris and were exhibited to the public at the 
Theatre de la Gaité, and were carefully examined at that time (Baudouin, gr). 
They seemed to have been joined originally back to back, by a flexible con- 
nection in the sacro-coccygeal region, but their habitual attitude is such that 
they face in the same direction, each one diverging about 45° from the direct 
‘forward position.° The planes of the two chests thus form nearly a right 
angle. The four iliac bones bound a double pelvis, and the four nates include 
a quadrilateral space, within which are the external organs of a single indi- 
vidual, but with double internal connections, one for each component. The 
arrangement of these parts is not clear in Baudouin’s description. 

Other cases: 

1. Negro sisters, Millie-Christine, b. North Carolina, 1851. Exhibited in 
United States and in France (Paris, 1873). 

2. Tynberg’s case. New York, two sisters, b. 1895. Reported by Jacobi in 
Archives of Pediatrics, October, 1895. 

Aside from these more recent cases, there are numerous well authenticated 
ones of earlier times. Of these (3) the Hungarian twins, Helena-Judith, 
are, perhaps, the best known. They were born in 1701 and lived to the age 
of 22. (4) A pair of Italian female twins of this type were born in 1700, and 


*Thus Baudouin, g1, describing Rosa-Josepha Blazek: “En les voyant 
assises 4 coté lune de l’autre sur le méme fauteuil, on soupconne a peine leur 
union, quand elles sont habillées. Mais & peine l’une d’elles fait elle un léger 
mouvement, l’autre suit immediatement et se déplace en méme temps.”’— 
loc. cit., p. 273-274. 
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at the age of five months succumbed to an unsuccessful attempt to separate 
them. The famous Biddenden maids (5), Mary-Eliza Chulkhurst, appear to 
have belonged to this type. They were born at Biddenden, Kent, England, in 
the year 1100, and lived thirty-four years. In accordance with the conditions 
of a legacy left them, there is still in that place an annual distribution of food 
combined with several curious customs (cf. Teratologia, 1894-95).7 

[The region of attachment of pygopagi often involves the outlets of the 
pelvic organs, producing various relationships in the different cases. Thus in 
the Bohemian twins there is a single anus, a single urethra, but two ‘vag- 
ine, two recti and two bladders; in Tynberg’s case, there are two vagine 
and two urethre, but a single anus with a double rectum, divided by a peri- 
neum. In others there seems to have been two complete sets of these parts. 

d. Connection at ischia, so that the axes of the two bodies extend in a 
straight line, but in opposite directions (Ischiopagi). Anus and genitals 
laterally placed between the legs of the same side-——These cases are said 
to be quite numerous, but seldom if ever live beyond infancy. 

Type: As there seems to be no especially celebrated case to serve as a type, 
I will present a fac-simile of an old engraving (Fig. 1) evidently drawn from 
nature, and portraying a “ Missgeburt”’ that occurred in Hanau, near Frank- 
fort, in March, 1643. This type is so accurately portrayed in the engraving 
as to reflect great credit upon the artist and upon the genuine scientific obser- 
vations of the time. It is of interest to compare this with the photographs 
of the Jones twins, given by Gould and Pyle, p. 183. 

Other cases: 

1. Oxford (England) sisters, b. 1552, lived but a short time. 

2. Paré’s twins, b. 1570, and baptized Louis and Louise. This seems to 
imply that they were of opposite sexes, but this is intrinsically 
improbable. It is more likely either that the record is not wholly 
trustworthy or that the twins were both boys, since girl’s names 
were frequently bestowed upon boys during that epoch. 


“= 


"The Samoan legend of the “two swimming sisters of the sea” gives 
a.most detailed and perfectly accurate description of female pygopagous twins, 
leaving it beyond question that the tale is in part a reminiscence of an actual 
case probably antedating any other record. 

The fact of the union between these two sisters “ is so clearly brought out 
in all the legends as to lead one to the belief that there must be at least this 
historic basis, that in Samoan antiquity there must have been a pair of twins 
united more or less extensively by connecting ligaments. Not only is the fact 
of the junction clearly dwelt upon, but the manner of the attachment is no 
less distinctly stated. This was by a ligament connecting in each member 
of the couple a point on the spine high up between the shoulder blades. The 
sisters were thus brought back to back; when one walked forward the other 
had to step backward; when one pent over to pick up anything on the ground 
the other was lifted in the air and borne on her sister’s back. In every 
account of the twins explicit mention is made of these inconveniences and 
without the omission or alteration of a single material particular.” [Quoted 
from Llewella Pierce Churchill, in Forest and Stream, August 24, 1901.] 
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3. Irish sisters, b. County Roscommon, Ireland, 1827, baptized Mary and 
Catherine. One was dark haired and the other blonde. (!) 

4. French sisters, b. 1838, baptized Marie-Louise and Hortense-Honorine; 
exhibited at Paris, but soon died. 


Hak gelebt 10 Stand 


NR 


Sak gHheOE 2-4-Stitnd 


Fig. 1. Case of ischiopagous duplicates born at Hanau, near Frankfort, Germany, March 
11, 1643. Fac-simile of a contemporary engraving in the author’s possession. 


Fie. 2, a and b. Case of imperfect ischiopagous duplicates, showing upon one side a 
double bilateral limb, composed of halves belonging to each component. Born in Cadiz, 
Spain, May 30, 181s. 

ce. Monstrum Anglicum, born in Salisbury, England, October 26, 1664 [after Licetus]. 


5. Ceylonese brothers, b. 1841; exhibited at Colombo, Ceylon, but lived 
but a short time. Anus and genitals single. 
6. Millville (Tenn.) sisters, b. about 1867; exhibited in New York. 
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7. Ohio sisters, Minna and Minnie Finley; described by Goodell in 1870. 
8. Jones twins, b. in Tipton Co., Indiana, June, 1889; sex not given; 
exhibited for some time and died at Buffalo, N. Y., February, 1891. 

Aside from typical cases like the above, in which both components are 
complete, with well developed legs, there are numerous instances in which 
the legs of one or both sides show a greater or less reduction, with a corre- 
sponding modification of the genitals and anus. Cases like the one figured 
here (Fig. 2 a and 0) with one pair of legs represented by a doubly bilateral 
stump are of great interest, as coming under the same category as the median 
arms and legs of such cases as those of subdivisions 2 (a) and 2 (c) below. 

The case figured in Fig. 2 (c) is logically of great importance, as it fur- 
nishes a connecting link between ischiopagi and such monsters as the Tocci 
brothers (2 (d@) below). It may be considered either as (1) a case of imper- 
fect ischiopagi like that of Fig. 2 with the median leg suppressed, or equally 
well as (2) monsters like the Tocci brothers with a greater divergence be- 
tween the two bodies. The monster in question is the famous “ Monstrum 
Anglicum,” born to Mrs. John Waterman, Salisbury, England, October 26, 1664, 
and although the event is now so remote it rests upon unquestionable 
authority. At the same birth there was produced also a normal female child. 

e. Connection along the side of the body, so 
that the components are definitely right and 
left. Inner arms represented by a_ bilateral 
median limb. (Hctopagi.) 

Type: The only case which I am able to find 
is that of Regnault, figured both by Forster, 7. c., 
Taf. lV, His: 4 and by i: Blanc. 93) Mies 
This figure I have reproduced here (Fig. 3), as 
it serves aS an interesting transition between 
this subdivision and the next. 

Forster’s description is as follows: ‘“ Weib- 
lich; ein mittlerer Arm mit doppelter Hand. 
Brust und Bauch seitlich verschmolzen.” 

Were one to imagine the two inner legs repre- 
sented by a bilateral median member, as in the 
case of the median arms, the monster would be 

Fia. 3.. Regnault’s ectopage the exact counterpart of Fenn’s fetus or of the 
Fuld Gb Witrzburg case No. 75 (2 c below). 


2. Tue Two CoMPONENTS EQUAL TO ONE ANOTHER, BUT HACH ONE LESS THAN 
AN ENTIRE INDIVIDUAL. 

These cases form a graded series, illustrating almost every transition from 
the cases cited under (1) to those of single and otherwise normal individuals, 
with a duplication of a restricted median area, like that of the genitalia. 
The doubling often affects one end of the body alone, thus producing a mon- 
ster single below and double above, or double below and single above. 

It is to be noticed that in cases in which the doubling involves the head 
there are two distinct personalities, one for each head, and that in each half 
of the undivided or median portion the sensation is referred to the head of 
tha corresponding side, although there is usually a narrow zone of common 
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sensation along the median line. When the head is single there is but a 
single personality. : 

a. Components separate above and united in the pelvic region, but with a 
single perfect leg each, the outer in each case, while the two inner legs are 
represented by a double median appendage which is bilateral, and may be 
well developed or rudimentary. 

These monsters and those included under (0b) and (ce), although existing 
mainly in the form of fetuses in museums, form the necessary connecting 
links between the last group and the type represented by the Tocci brothers. 
In these the inner arms or legs (or in rare cases both) are represented 
by double members which consist so plainly of two symmetrically placed 
components united together that one is strongly tempted to consider it 
a fusion of two originally independent limb components. Instead of this, 
in accordance with the theory supported by this paper, such double limbs 
must be looked upon rather as parts, the anlagen of which were incompletely 
separated, and were thus not allowed to develop independently of one another. 

This and other similar points will be taken up more fully later on, when 
a résumé is made of all double forms with attempts at their explanation. 

Type: Fisher’s case 43 (quoted from Walter, Observationes anatomicas, 
Berlin, 1775). This monster was one of twins born to Anna Maria Woblack, 
near Berlin, November 17, 1773, all of the male sex. One of these was a 
normal, healthy child, the other the double monster in question. “The pla- 
centa was a single mass, to the opposite sides of which two cords were 
attached, one for the single, the other for the double fetus; the cord of the 
latter was three yards long. The normal and abnormal fetuses were both 
euveloped in a single and common chorion.” 

As for the double monster, the type of this subdivision, Fisher states that 
“the vertebral columns are complete in both (components). Between the 
two sacra there was found a shovel-shaped osseous mass, consisting of rudi- 
nientary fused iliac bones, from the lower part of which hung a median lower 
extremity, which was attached by ligaments. This compound posterior pelvic 
extremity contained a femur; a tibia, which was thick and bent at an angle; 
the usual tarsal bones; seven metatarsals, six of which formed a row; the 
seventh and largest supported two toes which were webbed.” 

Other cases: 

1. Marie-Rosa Drouin. New-born female infant from Montreal, described 
by MacCallum in 1878. 

The two complete upper components formed a right angle with the common 
trunk “ which commenced at the lower part of the thorax of each.” There 
was a rudimentary buttock between the two lateral ones, from which pro- 
jected “a rudimentary limb with a very movable attachment. This limb, 
which measures five inches in length, and is provided with a joint, tapers to 
a fine point which is furnished with a distinct nail. It is very sensitive and 
ecntracts strongly when slightly irritated.” 

This case, with the rudimentary posterior limb, shows close similarity both 
to the type above (Fisher’s case 43) and to those of (d) below, since, with 
the exception of this small median rudiment, the case is identical, save in 
sex, with that of the Tocci, including the median buttock, while on the 
other hand, it differs from the type of this subdivision merely in the lesser 
development of the median leg. 
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b. Like (a) but united from the shoulder downwards and with a median 
anterior limb, or limb-rudiment, and no median leg. 

Type: Barkow’s case, cited by Fisher, 66. 

The two components were united from pelvis to shoulder, and were appar- 
ently single below the waist, with a single pair of legs. In place of two 
median arms, such as are seen in the cases under (d), a median bilateral 
member appears, attached to what is apparently a double shoulder girdle, 
formed of equal contributions from the two components. A sketch is given of 
the bones of this median limb, which shows an abnormally broad humerus, 
to which are articulated a median ulna (double) and two radii, laterally 
piaced. The digits are ten in number, not palm and palm, as in Fenn’s fetus 
above, but side by side, the ulnar sides at the median line (Fig. 4, c and d). 

Other cases: 

1. Gurlt’s double calf (copied from Gurlt’s Atlas by Fisher, Fig. 5). 

This is so similar to the last that a detailed description is unnecessary. 
The duplication extended, however, farther down the back and there seemed 
to be two nearly complete vertebral columns and two tails. 

2. Meckel’s fetus. Carefully dissected, described and figured in a large 
folio, published 1815. 

The inner arms are represented by a median rudiment which proceeds from 
a double shoulder girdle. The rudiment consists of two joints called humerus 
and antebrachius by the author. 

3. Gruber’s fetus (1859, “ PARC Ser I”), is of great interest 
here since it is like that of Meckel (2), except that the median 
arm rudiment is considerably smaller. There is but a step between 
this and the “ Thoracogastrodidymus, Case II,” of the same author, 
described below. 

4. Zimmer’s “ Dicephalus tribrachius,” figured by Forster, 61, in Taf. VI, 
Fig. 4, evidently belongs here. The fact that the left component 
suffers from other defects is plainly a mere coincidence, without 
significance in our present study. 

c. Forms which, like (a) and (b), consist of two laterally united compo- 
nents, but with a median double limb, or limb-rudiment, from both anterior 
and posterior limb-regions. 

Type: Fenn’s fetus; described by J. Wyman; specimen in oe Medical 
School (Fisher, 66, pp. 276 ff.). 

This is the best case of all to illustrate the real double composition of 
these median appendages, since neither the arm nor the leg is really rudi- 
mentary but both are of perfectly bilateral symmetry and show the two equal 
components which, had the anlagen separated a little more, might each have 
formed two separate and perfect members. 

As this is so important a case, a rough tracing of Fisher's plate, with a 
detail of the median foot, is here presented (Fig. 4,a@ and 0). The description 
of the median appendages is as follows: 'The arm is double and symmetrical, 
and the foot is ‘‘compound and provided with two groups of toes, of three 
each, one right and the other left, and a single large symmetrical toe arose 
from the middle of the back of the foot. This toe had a nail on each side” 
(Fisher). 
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Other cases: 

1. Wurzburg Pathol. Coll., No. 75. Three figures of the skeleton of this 
fetus are given by Forster, 7. c., Taf. VI, Figs. 5-7, and show a con- 
dition almost identical with that of Fenn’s fetus. 

2. Tulp’s fetus, quoted by Licetus, in the appendix to his “ De Monstris,” 
ed. 1665. The description is accompanied with an excellent engrav- 
ing and shows a specimen closely resembling Fenn’s fetus, but with 
the double hand components complete and free as far as the wrists. 
Although Licetus is very unreliable and fantastic, this case is 
undoubtedly authentic, since it rests upon the authority of Nicolaus 
Tulp and is in strict accordance with other observed facts. 


Fig. 4. Diplopagi with double median limbs. 


(a) Fenn’s fetus, described by J. Wyman. Specimen in Harvard Medical School Collection. 
(b) Median foot of (a), dorsal view. 

(c) Barkow’s fetus. 

(d) Skeleton of median arm of (ce). 


[All after Fisher, his figures 58, 54, 57 and 48.] 


d. Components united at pelvis, above which they are distinct, each with 
head and pair of arms; the pelvis is often partly doubled, but with usually 
a single set of external median parts and with a single pair of legs, each one 
of which belongs to the upper component on its own side. 

Type: Tocci brothers, Giovanni-Batista and Giacomo; born, province of 
Turin, Italy, 1887. The components were separate and normal down to the 
sixth rib, but possessed ‘““a common abdomen, a single anus, two legs, two 
sacra, two vertebral columns, one penis, but three buttocks, the central one 
containing a rudimentary anus.” A good photograph of these is reproduced 
in an article by H. L. Osborne, o2. 

Other cases: 

1. Normandy sisters, reported as having been seen in Normandy in 1062. 

2. Bateman twins, male, b. in 1529. 

3. Scottish brothers, b. about 1465; lived 28 years. 

4. Swiss twins, male, b. 1598; lived at least 30 years. “‘So joined that at 
rest they looked upon one another.” They marfied a single wife. 
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5. Ritta-Christina, b. Sardinia, 1829. They “joined in a common trunk 
at a point a little below the mamme.” They died at an early age. 

e. Two separate and equal heads and necks upon a single trunk which is 
normal, or with some duplication at the shoulders, and with a single pair of 
arms. [In this especial care must be exercised to distinguish between cases 
in which the two heads are equal, 7. e., duplicates, and those in which one 
appears as an outgrowth or “parasite” of the other. Only the first of these 
belongs here, the other is not a case of true duplicates; in the one the com- 
ponents are homodynamous, in the other heterodynamous. | 

Type: As there seems to be no recent case of a human monster of this 
sort, we may take as‘a type the two-headed turtle described by Barbour, 88. 
This is referred to also by Bateson, 94, who reprints Barbour’s figure. This 
rhenomenon seems to be especially common in snakes. 

Other cases: 

1. Double-headed girl of 1665; each head was baptized. It lived but a 
short time. 

2. Milanese girl (of about the same date). Two heads, but the rest appar- 
ently single; after death she was found to have two stomachs. 

(The numerous cases cited in which one head is described as ugly or 
deformed are doubtless to be referred to II, below.) 

[A highly interesting case was dissected by Dr. Wenzel Gruber and figured 
by him in his memoir of 1859. Externally it would belong in this subdivision, 
but the skeleton displays two complete backbones, including coccyx; between 
which, in the sacral region there is a small spade-shaped piece representing 
the rudiment of the of the two internal ossa innominata. 

The inner ribs are complete in number but strongly united, and there is a 
small rudiment of the inner shoulder girdle. Gruber figures this under the 
name “ Thoracogastrodidymus, Case II”; his “Case I” of the same name 
possesses a visible median arm rudiment, and has been described above under 
(0).] ae 

f. Like the last two, but with the two compound heads incomplete and 
united to one another. 

Type: Moreau’s case; exhibited in Spain. Possessed a fused head, with 
two noses and two mouths; each component had a perfect eye, the outer, 
while the two inner eyes were represented by a poorly developed median eye, 
with two pupils. 

Other cases: 

Buffon mentions a cat which was the exact counterpart of Moreau’s case 
(see also Forster, Taf. I, Fig. 1-6). 

A less marked class of defects, in which a single and otherwise normal 
individual possesses a double tongue, double uvula, or other doubling in the 
region of nose, mouth or throat, undoubtedly belongs here, and represents 
the process of doubling in its inception. These must be carefully distin- 
guished, however, from cases of cleft palate, harelip, etc., which are due to a 
failure of perfectly normal parts to close in the median line, and which have 
no relation whatever to the present subject. (Compare the note below under 
diphallic terata (7) ). 

[Up to this point the cases cited are those in which the duplication becomes 
gradually reduced below while the two components remain distinct above; 
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the remaining cases cited under this subdivision will be those which show 
the opposite principle, that of duplication below with a single head and body. 
Here also the cases will be arranged in a decreasing series, ending as in (f) 
with a single body showing but a few traces of the two components. ] 

g. Two nearly complete components, joined front to front over more or less 
of the trunk region, but with a single neck and with the heads more or less 
completely fused into a single compound mass. The half-faces of the two 
components meet in the plane of union and form single faces of a varying 
degree of completeness, placed laterally with respect to the components. 
Janiceps. 

These are the so-called Janus-headed monsters, two varying degrees of 
which are represented in Fig. 5. At first sight these monsters seem at vari- 
ance with the general plan of diplopagi, since what appears to be the face 


Fig. 5. Lateral view of two cephalothoracopagi (Janus monsters), showing different 
degrees of separation. The face which is towards the observer is duplicated in these mon- 
sters by another one on the opposite side, and thus from the dorsal aspect of either com- 
ponent there appear two profiles looking in opposite directions. Each lateral face is in 
reality composed of halves contributed by the two components. 


components are placed laterally with respect to the trunks; but if the plane 
dividing these latter be conceived as passing through the faces also, it be- 
comes evident that what seems a single face is made, in each case, of the 
right half of one component and the left half of the other, and that thus the 
two components are as completely bilateral as in other cases. The case is 
identical with that of the laterally placed genitalia in ischiopagi. 

h. One head and one trunk (and consequently a single individual), but 
with double pelvic organs and two pairs of legs (dipygus). 

Type: Wells’ case, Mrs. B., born May 12th, 1868, lives in Birmingham, Ala. 
Normal down to the third lumbar vertebra, where the duplication begins, 
resulting in a fused double pelvis, and two pairs of legs; of these latter the 
inner ones, although of normal shape, are somewhat reduced in size, either 
from lack of room for development or in part from disuse, since the outer 
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legs alone are used in walking; two sets of external genitals, normally placed 
with reference to the two pairs of legs; two bladders, two ani and two rec- 
tums. “The nates from below appear as those of two individuals with a dis- 
tinct cleft between them. .... The functions of the duplicated organs are 
dual and entirely independent of each other, micturition and defecation occur- 
ring at different times on the two sides. . .. She was married shortly after 
her eighteenth birthday. ... She is now in good health, is very intelligent, 
is perfectly able to attend to her household duties, and was twenty years old 
on the 12th of May, 1888.” (Wells, 88, an illustrated account.) Shortly after 
her marriage, she became pregnant upon the left side, but an abortion was 
induced owing to the small size of the pelvic outlet. [The above is a most im- 
portant case, stated by Wells to be the only known instance in man of such 
a complete doubling, although several cases have been observed in other 
animals. Gould and Pyle, however, refer to a case cited by Heschel in 1878, 
that of a girl of 17, with double parts below the second lumbar vertebra. 
There are certainly other known cases in which the duplicity is less complete 
and the inner legs more rudimentary, and of these the following will form 
a transition to the next type (7) of this subdivision. ] 
Other cases: 
Blanche Dumas. 

I am unfortunately unable to find any original description of this import- 
ant case, and was at first utterly misled by the only illustration of her 
which I have seen, copied both by Wells and by Gould and Pyle. Here 
the pelvis appears incompletely double, and one is at first misled by the 
presence of but one leg between the two normal ones and that not a median 
but lateral one. It seems, however, that there is also a rudiment of a fourth 
leg, and we have only to admit the possibility of a check to its growth at an 
early age through lack of space, as was seen in the calf described by Osborne, 
02, and the case becomes clear. The inner leg which appears in the illustra- 
tions seems to be the right one of the left component, while the rudiment is 
the left one of the right component. There are two distinct sets of genitals, 
presumably placed in the normal position relative to the four original legs 
as in Mrs. B. By the side of the rudimentary fourth leg there is a rudi- 
mentary mamma, an anomaly often associated with redundant lower limbs 
(cf. Louise L. and Bechlinger’s case, given below). It is noteworthy that in 
both Mrs. B. and Blance Dumas, one of the outer legs, the left in both cases, 
exhibits talipes. 

i. In most respects a normal single individual, but with a duplication of 
some or all of the median pelvic organs, often accompanied with a median 
leg rudiment composed of two united halves belonging to the two components. 

Type: Jean Baptista dos Santos. A Portuguese (gypsy?), born at Paro 
about 1845, the subject of numerous papers (cf. London Lancet, August, 1865; 
also American reprint, January, 1866; Fisher, 66, etc.). The man was wholly 
normal save in the pelvic region, which showed an exact duplication of the 
external genitals, and a median third leg, depending from an extra median 
pelvic bone of unknown nature. The penes were normal and nearly equal 
in size, with a half scrotum on the outer side of each and a median scrotum 
evidently composed of the fused inner halves. The outer sacs held each a 
normal testis, and the median one originally contained two which ascended 
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into the abdomen at the age of ten. The median les was double and appar- 
ently symmetrical at first, but it was dislocated in two places by the Portu- 
guese chemist who officiated at his birth, that it might afterwards be doubled 
up and thus put out of the way. During later life he strapped it to his normal 
right lee and to his right side. This treatment well explains the slight 
lack of bilateral symmetry in the adult member. The foot bore ten toes, the 
two great toes in the center; the two outer toes of each component were 
webbed. In photographs of dos Santos as an infant the median member is 
quite symmetrical in spite of its injuries. 

Other cases: 

Bechlinger’s case. 

A female counterpart of dos Santos was reported from Para, Brazil, 
in 1888, by Bechlinger; the genitals were duplicated but otherwise normal 
and she possessed “a third leg attached to a continuation of the processus 
coccygeus of the sacrum, and in addition to two well-developed mamme 
regularly situated, there were two rudimentary ones close together above the 
pubes.” 

Aside from the above there have been reported several cases of diphallic 
terata, all of which so far as known (20 cases) have been enumerated by 
Ballantyne and Skirving, 94-95. Of these one or two are doubtful, and 
some of the others do not come under the present head. Those that do belong 
here show “all the degrees of duplication ... from a fissure of the glans 
penis to the presence of two distinct penes inserted at some distance from 
each other in the inguinal region.’ With these cases there is commonly as- 
sociated the doubling of other topographically related parts; among these 
may be mentioned “more or less completely septate bladder, .... double 
enus, double urethra, increased breadth of the bony pelvis with defect of the 
symphysis pubis, and possibly duplication of the lower end of the spine.” 
It must be noticed that in all of the cases here considered there is an actual 
doubling of certain of the median parts, although there may be at the same 
time a defect in the median line. This would sharply distinguish all such 
cases from those of episadias, hypospadias, etc., which are simply cases of 
arrested development, ““Hemmungsmissbildungen,’ and are caused by the 
failure of two lateral anlagen to close in the median line. Compare the dis- 
tinction between the cases of double tongue, double uvula, etc., mentioned 
above, and such defects as hare-lip and cleft palate. 


Il. UNEQUAL AND ASYMMETRICAL MONSTERS, ONE COMPONENT OF 
WHICH IS SMALLER THAN AND DEPENDENT UPON THE OTHER. 
AUTOSITE AND PARASITE. 


These monsters consist of two components of very unequal development, 
the one (autosite) being normal or nearly so, and the other (parasite) quite 
incomplete and attached to the first as a dependent growth, usually adhering 
to some point upon the ventral side. 

To my knowledge this form of monster has never been studied for the 
purpose of testing whether or not the two components were ever originally 
physical duplicates, and the relation between them is such, that is, the sub- 
ordination of one to the other, that, even in cases in which the parasite is 
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furnished with a face, it is altogether probable that any original similarity of 
features would have been lost. In the records of cases accessible to me in 
which the parasite possesses sex, it seems always to be the same as that of 
the autosite, but that in itself is no proof that the components were originally 
duplicates, although, in accordance with the theories advanced here, it seems 
probable that the latter is always the case. 

This class of monsters seems harder to arrange in groups than does the 
preceding and the following attempt is mainly for the purpose of putting the 
various cases in a convenient form for consideration. 


1. PARASITE ATTACHED TO THE OUTSIDE OF THE AUTOSITE. 


a. Parasite possessed of a head, or head and arms, usually attached to the 
autosite at or near the epigastrium. 

Type: Lazarus Johannes Baptista Colloredo, b. Genoa, 1617. Exhibited 
all over Europe. Autosite normal, bearing at the lower sternal region a para- 
site which consisted of a trunk, one thigh, two arms and a well formed 
head. The parasite gave signs of independent existence, but the eyes were 
closed and nothing was ingested by its mouth. The man was examined by 
Bartholinus. This case seems to be unique in the completeness of the 
parasite, but several other cases, in some of which the parasite consisted of a 
head alone, are on record. 

Other cases (less complete than the type): 

1. Dickinson’s case, 1880. Child of five years, with a supernumerary head 
attached by a broad base to the lower lumbar and sacral region. 

2. Havana case. Examined by Montare and Reyes. Girl of seven months 
with an imperfect accessory individual attached between the xiph- 
oid cartilage and the umbilicus. The accessory head was imper- 
fect, but had hair; the parasite had in part a separate sensation. 

Moreau’s case. Infant born in Switzerland in 1764. The parasite seems 
to have resembled that of Colloredo; it was amputated by a liga- 
ture. 

b. Parasite consists of the legs and more or less of the lower part of 
the body, without a head; attachment to autosite as in 1. 

Type: Laloo, Hindoo boy born about 1876; exhibited in dime museums 
all over the United States.. The parasite was dressed in girl’s clothes and 
was said to be female, but was in reality a male. The parasite possessed 
arms, but no head, and had no separate sensation. 

Other cases: 

1. A-Ke, a Chinaman, exhibited in London early in the nineteenth cen- 
tury, and now largely represented by wax models in continental 
museums. Case similar to last. 

2. Louise L., ““La dame aux quatres jambes,”’ born in 1869. Parasite 
consisted of two atrophied legs on a rudimentary pelvis, attached 
ventrally to the normal pelvis; two rudimentary mamme at inser- 
tion of legs. ‘“‘ The woman could localize sensation in the parasite 
except in the feet.” She married and bore two normal daughters. 
[In some respects, e. g., the rudimentary mamme, this case is strik- 
ingly similar to Blanche Dumas and to Bechlinger’s case (see 
above), except that here there is no doubling of parts in the 
autosite. ] 
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3. Gustav Evrard. Case described by Guerin. The parasite consisted of 
two imperfect legs depending from the left buttock; but, as in 
the case of Louise L., there were no doubled parts in the autosite. 
This last fact, as well as the complete asymmetry of the parts, 
suggests that it is a case of parasite and autosite, although in 
many ways both this and the preceding are similar to Blanche 
Dumas and others cited under I, h@ and i. 

4. Winslow’s case. A girl of twelve, who died at the Hotel Dieu, in Paris, 
in 1733. A parasite female lower hali hung from the left flank. 
Sensibility was common, i. e., felt by the autosite. 

c. Parasite attached to head of the autosite. 

This is frequently in the form of a supernumerary head or merely a face, 
and may be attached to the side or back of the head, or in some other place. 
Home, 1790, figures a case in which the supernumerary head is attached by 
its vertex to the vertex of the autosite.s 

A parasite attached to the jaw bone is termed an epignathus. 


2. PARASITE DEVELOPED WITHIN THE AUTOSITE, USUALLY IN THE Bopy CaAVITy, 
BUT OCCASIONALLY IN OTHER REGIONS. THESE FORM TUMORS WHICH 
USUALLY INCREASE AND HAVE TO BE REMOVED BY OPERATIVE MEASURES. 
COMMONLY TERMED “ FETUS IN FETU.” 


These cases, which it is not necessary to classify in detail, have been rather 
commonly reported for several hundred years; the parasite ranges in com- 
pleteness from an almost perfect fetus to a shapeless mass containing bits of 
organized tissue, the so-called teratomata or dermoid cysts. Thus Blundell, 
28-29, reports the case of “a boy who was literally and without evasion with 
child, for the fetus was contained in a sac communicating with the abdomen 
and was connected to the side of the cyst by a short umbilical cord; nor did 
’ the fetus make its appearance until the boy was eight or ten years old, when 
after much enlargement of pregnancy and subsequent flooding, the boy 
died.” The parasitic fetus is, however, seldom as perfect as in the above but 
is more often quite rudimentary. In one case it consisted of “the ribs, the 
vertebral column, the lower extremities as far as the knees, and the two 
orbits’; in another “fetal bones and a mass of macerated embryo” and in 
another “hair, molar teeth, and other evidences of a fetus.” In general such 
parasites show themselves in the autosite during the infancy or childhood of 
the latter, but, again, they may not appear until adolescence or even adult 
life. In location such enclosed parasites may be almost anywhere—the abdom- 
inal or thoracic cavities, the cranial cavity, the spinal canal, the scrotum, 
or urinary bladder. 


ORIGIN OF COMPOSITE MONSTERS. 


To one who sees in separate duplicate twins the result of the total 
separation of the first two blastomeres of a developing ovum there is 
but one rational explanation for diplopagi, or those composite monsters 


’ This case may have been that of Craniopagi, one component of which had 
suffered an early fetal amputation at the neck. See above, under Craniopagi. 
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in which the two components are the duplicates of one another” and 
symmetrically united, namely that here a similar tendency to separation 
has been left incomplete, causing a doubling of those parts only in which 
the interrelations have been severed. his hypothesis, which is the 
natural outcome of the recognition of these components as duplicates, 
finds its best corroboration in the fact that the cases may be arranged in 
graded series, with almost imperceptible differences between them, and 
ranging from single individuals with a duplication of some median part, 
to two individuals united by a slight bond, and thence te free duplicates. 
Diplopagi do not, however, allow themselves to be arranged in a single 
series, but in several, in which the two components bear different, although 
always symmetrical, relations to one another, referable to the various 
geometrical possibilities in the manner of separation and consequent 
relative position of the first two blastomeres. 

This matter may be made clear by an inspection of Plate A, in 
which the various known forms of diplopagi are represented in diagram- 
matic form and arranged in graded series to show their mutual rela- 
tionship. 

These series and the cases representing them are as follows: 


A.—SEPARATION FROM ABOVE DOWNWARD; ALSO IN SOME CASES 
FROM BreLow Upwarp; CoMPONENTS PLACED LATERALLY. 


A. IA normal single individual, the right and left halves of which 
are represented by the colors black and white respectively. In the em- 


® Although in the great majority of diplopagi the components are evidently 
physical duplicates, I have collected the three following cases in which differ- 
ences seem to have been noted. (1) Paré’s case, 1570, baptized Louis and 
Louise, (2) The Irish sisters, 1827 (v. p. 401), of whom one was said to be dark 
haired, the other fair, and (3) Marie-Rosa Drouin, 1878, one of whom was 
said by MacCallum to resemble the father and one the mother. Should those 
cases be substantiated they would necessitate a modification of my theory, 
at least in those special cases, but the reports are hardly conclusive enough to 
be of serious import. Paré’s case was reported over three hundred years 
ago, and at a time when feminine names in France were assumed by men. 
There is no statement to the effect that they were of opposite sex. The other 
cases are pased upon general impressions, in both cases derived from new- 
born infants, and hence are somewhat unreliable. The most conclusive test 
to prove or disprove the similarity of the components, both in diplopagi and, 
when possible, in parasitic monsters, is that of the palm and sole configura- 
tion, and it is to be urged that, whenever opportunity affords, careful prints 
be taken of the palms, soles and fingers of compound monsters. Such data 
will prove of the highest importance in the present line of argument. 
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bryonic development of this the first two blastomeres may be supposed 
to have shown the normal interrelation. 

A. II.—A case of duplicity in certain of the parts of the face and 
head, resulting from a slight separation of the first two blastomeres in the 
region ultimately to become the anterior end of the embryo, after which, 
through the disturbed relations of these parts, each separate portion 
attempted to develop both sides. 

Ex.—Moreauw’s case. Buffon’s cat. 

[Lesser degrees of doubling have been mentioned above in connec- 
tion with the cases just cited. | 

A. III.—Here the original separation was sufficient to involve the 
entire future head region, and each component blastomere, relieved of the 
normal stimulus of contact with the other upon one side, has regenerated 
the other half and thus developed an entire but duplicate head. 

Ex.—The two-headed turtle of Barbour. Externally Gruber’s “ Case 
II” of Thoracogastrodidymus seems to belong here but the trunk is par- 
tially double. It forms the lnk between this and the next, as a little 
less separation would place it here, a ttle more in the next section. 

A. IV.—This stage is the first in the series to show the significant 
phenomenon of a double median limb. In this and in all such cases 
the limb is a bilaterally symmetrical member, the two lateral surfaces 
being the same aspect (usually dorsal) and bearing the structures char- 
acteristic of the aspect presented. The structure bears so much the 
appearance of a fusion or coalescence of two originally separate 
components that many writers, perhaps the majority, speak of them 
as such. This latter view is, however, manifestly impossible, for, grant- 
ing that two members, once separate, could ever unite in such perfect 
juxtaposition as to form a symmetrical piece, it would still be a serious 
problem to dispose of the surfaces in contact with each other, and to 
atrophy each component at such an equal rate that the result would 
keep the perfect symmetry which these phenomena show. In the dia- 
gram there is seen to be a doubled inner arm, contributed to equally by 
each component. 

Ex.—To illustrate this case we are fortunate in having specimens, 
carefully described and in part dissected, which represent a graded 
series. Of these, the first is Gruber’s “ Thoracogastrodidymus I,” which 
differs from his “ Case II” of like name (A. III) merely in the presence 
of a small median rudiment containing a double scapula with a pair of 
conical acromion processes which together form the skeleton of the free 


end. Meckel’s case possesses a larger median rudiment with a humerus 
30 
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and an “os antebrachii,” and in Barkow’s fetus there were two radii, a 
median ulna, and a double hand with the full number of digits. 

A. V.—A continuation of the same cause leads to a complete separa- 
tion of the two inner arm-components, and allows each to develop as an 
entire organ. These inner arms are usually perfect in form but often 
show some defect of development which may easily be due to lack of 
space and the consequent cramped position in which they must be held. 
This stage is represented by a large number of cases, and is far more 
common than the intermediate stage represented by the preceding case. 

Ex.—The Tocci brothers. Ritta-Christina. 

A. VI.—This slight advance on the previous stage is characterized by 
a rudimentary median leg; otherwise it is like the last. 

Ex.—Marie-Rosa Drouin. 

A. VII.—In this the median limb has attained a considerable degree 
of development, this being, from the description of the single case re- 
corded, of about the same grade as the arm in Barkow’s case. 

Ex.—Fisher’s case, 1773. 

Here the series ends, since there seem to be no known cases represent- 
ing the next logical step, that in which the median double leg has sepa- 
rated into two, leaving two complete components, united by a small 
isthmus, laterally placed. Xiphopagous twins, like the Siamese brothers, 
often stretch the connecting bond so much that they can place them- 
selves laterally, but the natural position of all such is face to face. The 
same is true to a lesser extent in pygopagous twins. It seems possible to 
consider that in this series a farther separation might affect either the 
ventral or the dorsal aspect of the body in such a way as to produce 
respectively either pygopagi or xiphopagi, in which case either would 
represent the missing stage, but in the present state of our knowledge 
this cannot be definitely assumed. Thus, in the diagram a space is left 
for conjoined twins laterally placed, and the series ends with the hypo- 
thetical case of separate twins laterally related (A. IX). 


B.—SEPARATION FROM BrLow Upwarps; CoMPONENTS PLACED 
LATERALLY. 

B. I—Here may be put individuals in which there is a greater or less 
doubling of the median pelvic parts, especially the external genitals. 
Such cases are rare but include both sexes. 

Ex.—Several minor cases of duplicity of the external genitals, col- 
lected by Ballantyne and Skirving, 94-95. 

B. II.—This is like stage IV of series A, with a median leg in place 
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of a median arm, and with a doubling of the pelvic organs in place of the 
head. 

Ex.—Dos Santos. Bechlinger’s case. 

B. III.—In this there is a complete duplication of the body below 
the lumbar region, each half furnished with a normal pair of legs, 
although there may be some lack of development in the inner legs in 
the same way and for the same reason as in the case of the inner arms in 
V and VI of series A. 

Ex.—Wells’ case (Mrs. B.). 

Beyond B. III there seem to be no authentic cases with laterally 
placed components, but the first stage of series C, although differing in 
the geometrical relation of the components, might in other respects 
stand as B. IV, in which, in addition to the doubling of pelvis and legs, 
there is an incipient doubling of the head. 

Series C may thus be placed in the same row as B and may be desig- 
nated as follows: 


C.—SEPARATION AT First FROM BELOW Upwarbs, SUCCEEDED BY ONE 
From ABOVE DowNwarpbs; CoMPONENTS PLACED FAcE To FAceE. 


C. I—From the umbilical region downwards two separate bodies, 
chests united and each component less than a whole one; head partly 
doubled, with two occiputs, faces incomplete, with one median eye on 
each lateral aspect, formed of equal contributions from each component. 
An incomplete Janus monster. 

Ex.—Fig. 5 a of this article, originally described by Forster, 61, from 
the Gottingen collection. 

C. I1.—Typical Janus monster, like the last but with the two head 
components complete or nearly so. The laterally placed faces are in 
reality the left half of one face joined to the right half of the other, as 
explained above. Otherwise like C. I. 

Ex.—Fig. 5b of this article, after L. Blane (I cannot find the origi- 
nal of this). 

C. III.—Typical thoracopagi; they evidently belong in the series with 
the Janus monsters, from which they differ merely in the more complete 
separation from above downwards, thus allowing the development of 
two separate heads and necks. 

Ex.—Siamese twins, Radica-Doodica. 

C. IV.—Separate duplicate twins, like A. VIII, but differing geomet- 
rically in their mode of origin. This is probably the commonest type, if 
we may judge by the frequency of occurrence of thoracopagi. 
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D.—SEPARATION FROM ABOVE DowNWarpD, AND NONE FROM BELOW 
UPWARDS ; COMPONENTS PLACED LATERALLY. 


This series has the first five stages in common with series A, and 
diverges from it at stage V (= D. 1), beyond which A shows a separa- 
tion from below upwards, while D does not, but continues the initial 
separation from above downwards. This results in (1) a greater and 
greater divergence of the body axes, and (2) the development of pos- 
terior limbs in the angle between them, forming ischiopagi. This method 
may ultimately result in separate twins as in the other series. The 
stages, after that corresponding to A. V, are as follows: 

D. I.—This is practically the same as A. V (represented by the 
Toccis and Ritta-Christina), but with the separation a little farther 
down and the angle between the two trunks a little greater. The 
amount of divergence seems a variable quantity, and in fact the bodies 
are capable of some lateral movement. Thus, in the example of this, the 
“ Monstrum anglicum ” (Fig. 2,¢) the bodies are represented in a con- 
temporaneous engraving as almost forming the same horizontal line, 
but in the figure cited to represent the next stage (Fig. 2 a and b), the 
bodies form a very divergent V. 

D. II.—The farther progress of the separation from above downwards 
has produced a double rudiment of a median leg, comparable to those 
of A. VI, B. II, and E; or to the double median arm of A. IV, E and F. 

Ex.—Case figured by Forster, Tab. I, Fig. 15; after MacLauren, Phil. 
Trans., Vol. 82. Fig. 2 a and b of this article shows a slight advance 
beyond this. 

D. III.—Stage with the upper posterior limbs, 7. e., those in the angle 
between the trunks, separate but rudimentary. 

Ex.—An instance of this is given by Fisher, 66. 

D. IV.—Typical ischiopagi, with limbs of both sides complete, and 
with perfect genitals and anus between them, formed by two halves con- 
tributed by the two components. 

Ex.—Fig. 1 of this article; any typical ischiopagi. 

D. V.—Here, as in other series, may be placed separate duplicate twins 
differing from the others merely in their mode of origin considered 
geometrically. These, like those resulting from series C, are probably 
a common type. 

In the lower row of the diagram are collected a few more or less unique 
types of diplopagi, which show relationship to the several series above 
given, but which differ in extent of development of some part. They 
are as follows: 
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E.—DIpPLopaGi ALLIED TO SERIES A, BUT WITH THE SEPARATION 
FROM BELOW UpwarbD OccuRRING EARLIER THAN IN THE REGULAR 
SERIES. This results in the formation of a median double leg-rudiment 
in conjunction with a median double arm. 

Ex.—Fenn’s fetus, Fig. 4a of this article. 

F.—Ectopact ALLIED TO SERIES A AND TO E, BUT WITH THE SEPA- 
RATION FROM BELOW Upwarp STILL FarTHER ADVANCED, giving each 
body a pair of perfect legs. } 

Ex.—Regnault’s ectopage, Fig. 3 of this article. 

G.—THESE ARE THE CRANIOPAGI, of which illustrations enough have 
been cited to form a series, were it not that they do not show much rela- 
tion to one another. Thus, in G. St. Hilaire’s case, G. I, the two com- 
ponents are united at their forehead, and in Villeneuve’s case, G. II, the 
union is by the vertices, facing different ways. 

It may be supposed in a general way that such craniopagi as G. I re- 
sult from an extreme separation from below upwards, as in series B and 
C, perhaps as a continuation of C. II with more separation from below 
than from above; and that G. II may be related to it as the extreme of 
the ischiopagous series is to the rest; but in the absence of intermediate 
forms all this is a mere conjecture. The fact must be acknowledged that 
in the case of craniopagi we do not as yet possess sufficient data to form 
a series suggesting their origin. 

Whether or not separate duplicate twins result from the craniopagous 
type cannot be certain, but it seems at least possible, and as such G. III 
is presented in the diagram. Such a type of twin, if ever formed, must 
be very rare, corresponding to the infrequency of conjoined craniopagi. 

H.— Herz, as H. J anp H. II RESPECTIVELY, ARE PLACED PYGopPact, 
AND THE FREE DUPLICATE TWINS WHICH MAY THEORETICALLY RESULT 
FROM THEM. 

As pointed out above, under series A, the origin of pyopagi cannot be 
determined, in spite of the frequency of the type, since all diplopagi 
which may be considered as incomplete pygopagi are thus far lacking. 
There is a temptation to put them in the missing place in series A 
(A. VIII), in which case there would be no such free twins as the later- 
ally related ones figured as A. IX; but they seem to have no more right 
there than do the thoracopagi. 

At present they are of as uncertain relationship as are the cranio- 
pagi, and although of frequent occurrence are best left in an isolated 
position in the diagram. 

In THE ABOVE SKETCH OF THE INTERRELATIONSHIPS OF DIPLOPAGI IT 
HAS BEEN OFTEN IMPOSSIBLE NOT TO SPEAK. AS THOUGH THE VARIOUS 
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FORMS WERE STAGES IN A ContTINUOUS DEVELOPMENT, AND ONE MUST 
BE ON HIS GUARD NOT TO LOOK UPON THEM AS SUCH. Instead of this 
they form the varying steps in a process in which each case is fixed, 
probably from the beginning, and represents but one step, and the pro- 
cess 1s continuous only in the sense that the various possible cases form 
a series of almost imperceptible gradation between two limits. 

The hypothesis advanced here necessarily presupposes some form of 
preformation in the egg-cell and in the early blastomeres, but no more 
than must be granted by any one who studies the various correspondences 
found in separate duplicate twins, for example, the palm and sole con- 
figuration. The main factor, however, in the formation of either a 
diplopage or a duplicate twin is, however, the changed relationship of 
the cells, a cell or a part of a cell developing differently when isolated 
than when in contact with another. A sea-urchin blastomere in the 
2-celled stage, when in its normal relation to its fellow, develops but one 
side of a bilateral larva, but when this contact is severed, it develops 
both. Similarly, if the relation is lost in part and retained in part, 
a double monster is the result from the same cause. 

It is manifestly impossible thus to experiment with human eggs or 
with those of other placental mammals, but the results of observation 
indicate that what is true in the case of lower forms, obtains also here. 
In mammals the development of the extra-embryonal parts appears at 
first to greatly complicate the problem, and they certainly do introduce 
an element which cannot be wholly explained as yet in this connection, 
but the facts in the case are so numerous, and the relationship of the 
various forms of diplopagi are so simple and so completely analogous 
to the results of experiment among lower forms that the close similarity 
between the two cannot well be doubted. 

There yet remains to be accounted for those cases of compound mon- 
sters in which the two components are very unequal, sustaining the rela- 
tionship of parasite and autosite. These are plainly the result of a 
secondary fusion, probably at an early age, of two embryos developing in 
close proximity to one another, perhaps in the relation described in 
Schultze’s Case IV. The components, in order to be in this relation to 
one another, must be originally duplicate twins, and as a matter of fact, 
in so far as the parasite possesses sex, it is always that of the autosite. 
It may be possible, of course, that under certain circumstances fraternal 
twins may fuse with one another, but the enclosure in separate chorions, 
which seems to be the rule, would normally prevent it. 

As stated above, no tests seem ever to have been made in such cases 
relative to their original physical identity, although in many cases, such 
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as Laloo and Louise L., a comparison of palms and soles or of both, 
as applied in Part II to the case of separate twins, would be quite 
possible. 

Separate duplicate twins, thus, have successfully avoided two dangers, 
(1) that of an incomplete separation of the two blastomeres of the two- 
celled stage, and (2) that of a secondary fusion of the later blastomeres 
owing to close proximity; in the one case they would have become diplo- 
pagi, in the other, one would have been an autosite, the other a parasite. 


OTHER RECENT THEORIES CONCERNING THE GENESIS OF 
COMPOSITE MONSTERS. 

The main principles along which theories on this subject, both ancient 
and modern, have developed, are the following: (1) the principle of 
excess and defect, (2) the principle of fusion, (3) the principle of 
fission, and (4) the principle of two original fetuses. These principles 
are for the most part extremely old and in their modern form differ 
from the ancient mainly in the more definite application made possible 
by the advance of knowledge of the subject. Thus where Empedocles 
spoke of an excess of semen, and Democritus of two “seeds” we now 
speak definitely of polyspermy; the theory of Aristotle, who sought 
for the origin of such monsters in an excess of material, was the precursor 
of the theory which postulates a doubling of the determinants in the 
germ-plasm. Another characteristic of modern theories is that they often 
make use of two or more of the above principles in combination, although 
the supporters of the various principles seldom, if ever, agree upon the 
method of combining them, or in the precise method of their application. 

Since almost every teratologist who describes a case develops a theory 
concerning its origin, it is manifestly impossible here to attempt a digest 
of all the recent work in this line, but at the risk of unwittingly omitting 
many valuable scientific contributions to the subject I will present here 
what seem to be the principal theories of the present time, selecting as 
their exponents those authors who have treated the subject in a general 
way and who have familiarized themselves with a large number of cases. 

I.—The first of the modern theories to be considered postulates AN 
EARLY TOTAL FISSION OF THE EMBRYO, followed in the case of compound 
monsters by a secondary fusion of the two parts. Of this school the 
pioneer seems to have been Fisher, 66, who, although writing nearly 
forty years ago, anticipated many of our most advanced ideas on the 
subject. He says that double monsters “ are invariably the product of a 
single ovum, with a single vitellus and vitelline membrane, upon which 
a double cicatricula, or two primitive traces, are developed. The several 
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forms of double malformation, the degree of duplicity, the character and 
extent of the fusion, all result from the proximity and relative positions 
of the neural axes of two more or less definite primitive traces developed 
on the vitelline membrane of a single ovum.” In this, by the supposi- 
tion of a “double cicatricula,’ he implies, to us at the present time, a 
fission of the original germ, but, although he comes fairly up to this 
point, he seems to have nowhere definitely expressed as much and such a 
conception was clearly beyond him at that date. The “double cicatri- 
cula” being present, he supposes the monster to be formed by a subse- 
quent fusion of the “ primitive traces.” In true double monsters he 
recognizes the following characters: (1) “ homologous union” (1. @., a 
symmetrical position of the two components); (2) unity of sex, and 
(3) the transposition of viscera in one of the components, a condition 
the necessity of which he somewhat doubts, although he gives several 
instances of it. 

The step that Fisher did not take, that of accounting for the “ double 
cicatricula” in the first place by a fission of a single germ at an early 
period, was proposed soon after the date of his paper, and probably orig- 
inated with Dareste, although the idea seems to have been evolved inde- 
pendently by Galton and others at about the same time. Dareste, how- 
ever, was working upon the subject of double monsters and Galton upon 
that of duplicate twins, and it seems to have been first applied to both 
by Perls, 79, who starts in both cases with the fission of an originally 
single germ, the two resulting parts of which normally become two sepa- 
rate individuals, but which may, in rare cases, fuse secondarily into a 
compound monster. ‘Thus Blanc, 93, describes the origin of ischiopagi 
as follows: “Les monstres ischiopages résultent, ainsi que l’a montré 
M. Dareste, de la soudure de deux embryons, opposés par leur extrémité 
posterieure et placés dans le prolongement l'un de Vautre” (p. 238). 
He then explains that if the two embryos fuse along a straight line the 
jegs and pelvic organs have room to develop “ déviés a droite et a gauche,” 
but that if they form an angle with one another the parts enclosed by 
this angle suffer, owing to lack of space. 

Although not quoted directly from Dareste himself, it is altogether 
probable that the above clearly represents his views, at least concerning 
one type of diplopage. The same view is held by his associate, Bau- 
douin, 91, who states that in the production of diplopagi the two primi- 
tive streaks unite secondarily at a given angle with one another, and 
that the variations depend upon (1) the precise epoch at which the 
fission takes place, and (2) the size of the angle formed by the two axes. 
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The various arrangement of these axes may be in the form of an upright 
Y, an inverted A or an X, thus forming three convenient classes. 

Kaestner, 98, throws some light on the subject by describing a few 
actual cases, among them that of a shark’s egg (Pristiurus), which had 
two germinal discs. As the egg was transparent the development could 
be watched, and it was observed that one of these discs soon surpassed 
the other in size, and that the latter became adherent to the former by 
the margin. He reasons from this that only in mammals, because of the 
rudimentary character of the yolk sac, can two such blastoderms ever 
hope to develop as separate individuals, but that in others (fishes, rep- 
tiles and birds) the common yolk must lead eventually to a fusion in all 
cases. 

It will be seen that the principle common to all of the above theories 
is that of the secondary fusion of two germs, but an insuperable objec- 
tion to this lies in the complete bilateral symmetry of the two com- 
ponents in true double monsters (diplopagt), since there is no force 
to oversee and adjust the two components in the exact relationship neces- 
sary for this result. That such a fusion may result in the other type 
of compound monster, that of autosite and parasite, seems most probable, 
a result to which, in all likelihood, the Pristiurus egg of Kaestner would 
have attained, had it completed its development. 

II.—A second class of theories rests upon the supposition of A PAR- 
TIAL FISSION IN A SOMEWHAT ADVANCED EMBRYO, thus doubling the 
parts affected, and several writers have attempted to prove this principle 
by practical experiment. Thus Valentine, 77, supposes that he pro- 
duced a double chick by artificially splitting the “ Keim,” and Gerlach, 
83, produced-a few very questionable specimens by varnishing the shells 
of hens’ eggs and leaving an unvarnished space in the form of a V 
or a Y over the blastoderm. 

III.—The rapIATIoN THEORY of Rauber is somewhat fantastic and 
difficult to comprehend, and possesses in this connection mainly an his- 
toric value. He postulates in the first place a tendency of the germ-cells 
to radiate in all directions, to assume “ eine strahlige Anordnung,” a 
tendency which leads occasionally to the formation of a “ Keimring mit 
mehreren vorderen Embryonalanlagen, statt wie gewohnlich, einer 
einzigen.” The bifurcation of the anterior end, as taught by Gerlach, 
Rauber considers a modified form of radiation, and speaks of a radiatio 
anterior and a radiatio posterior. This theory, like those of Valentine 
and Gerlach, supposes a splitting of a somewhat advanced embryo, but 
adds a possible, although very hypothetical, cause. 
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TV.—Under the head of supERFLUITY (the “ monstra in excessu” of 
the older writers) may be grouped the theories of several investigators 
that see a cause for compound monsters in an excess of some of the ele- 
ments of the original germ. Thus O. and R. Hertwig, having suggested 
as a working hypothesis that such cases are the result of polyspermy, at- 
tempted to develop double monsters from the eggs of sea-urchins into 
which more than one spermatozoon had been introduced. The results 
in this case were wholly negative. 

Wiedemann, 94, finds the superfiuous material in both the male and 
female elements and believes that compound monsters arise from the 
presence of two germinal vesicles on a single yolk, each fertilized by a 
separate spermatozoon. ‘The great irritation produced by the two sper- 
matozoa on the single egg occasions contractions which tend to draw the 
two vesicles together. When there is protoplasm enough for two good 


blastoderms they remain separate, and produce “ die sogennante einelige 
2 


¢ 


Zwillinge;” when not, a compound monster is the result. 

Considerable apparent support has been given to theories like the 
foregoing by the discovery in the ovaries of various mammals, and recently 
in man also, of primordial eggs with two nuclei, and of follicles enclosing 
two eggs, and an interesting discussion was begun by v. Franqué, 98, 
and taken up by others (see Bibliography, IV), with the final conclusion 
that the mature result of such phenomena is always two separate eggs, 
although they may be discharged at one time, even from the same 
Graafian follicle. There seems to be no reason why those eggs should 
produce compound monsters, or even duplicate twins, since they must 
be fertilized by different spermatozoa, but that fraternal twins may 
often, if not always, result in this way seems probable. 

A theory which is in some ways the counterpart of that of a double egg 
is the one recently suggested by Broman, 02, and based upon the occur- 
rence of various forms of double and otherwise compound (“ atypische ”’) 
spermatozoa in man. Of these he figures a large number of forms and 
comes to the conclusion that “die zweischwinzigen Spermien fiir die 
Entstehung eineliger Zwillinge wahrscheinlich eine grosse Rolle spielen 
konnen. In derselben Weise kénnen wahrscheinlich die drei- oder 
vierschwinzigen Spermien zu eineiigen Drillingen resp. eineligen Vier- 
lingen Anlass geben ” (Joc. cit., p. 526). 

This theory he extends to double monsters because of the existence 
of all transitional stages and concludes, if we accept the above conclu- 
sions “ dass wir auch fur die Genese der Doppelmonstra den atypischen 


Spermien eine mogliche Bedeutung zuerkennen miissen.” 
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Another form of the theory of superfluity is that of Windle, 93, who, 
quoting Sutton, compares the production of a double monster to “ the 
same tendency which causes dichotomy of the ray in star-fish, or digits 
in mammals, a tendency which, should it affect the axis of the embryo, 
will lead to the production of duplex monsters of varying development 
and different degrees of union, or even result in viable twins.” He 
adds: “This statement, so far as it goes, concisely states the view which 
I hold on the subject.” In his summary he gives as the ultimate cause 
for this dichotomy a superfluity of germ. plasm existing in the germ.” 
This superfluity may be the result of (1) a faulty segmentation of the 
polar bodies, (2) a faulty formation of the spermatozoon, or (3) poly- 
spermy. His statement that this superfiuity in true double monsters 
leads to a fission “ prior to that by which normal development is com- 
menced ” is practically an expression of the theory of the partial or 
total fission of the first two blastomeres, as advocated in the present 
paper, with the interesting addition of a possible cause for the phe- 
nomenon. He causes some confusion, however, in attempting to bring 
into the same category al] cases of minor duplicity, such as hyperdac- 
tylism, and by asserting that there is “no gap” between such cases and 
true double monsters. 

V.—As representative of the FUSION THEORY, by which two original 
embryos become a composite monster by atrophy of certain parts, we 
may cite Panum, who holds that all cases involving the doubling of 
trunk and limbs presuppose two fetuses, originally with a completely or 
partially double axial anlage, one-half of which has become atrophied 
during the course of development. He acknowledges, however, that 
many cases of minor duplicity may be the result of budding. 

VI.—A unique theory is that of POSTREGENERATION, recently brought 
forward by Tornier, 97-01, to explain cases of minor duplicity and later 
extended so as to include all cases of compound monsters. Tornier has 
studied experimentally certain of the well-known cases of regeneration 
found among lower animals, such as the tails of lizards, the limbs of 
salamanders, etc., and has shown that while a complete loss of the mem- 
ber will result in a simple regeneration of the part, yet that a certain 
kind of wound, made in the place where the loss usually occurs, yet 
insufficient to cause the loss of the part, will occasion the growth of a 
new member in the same manner as though the original had been actually 
*lost, thus producing duplicity. From this he holds that, while such 
phenomena may occur after birth in certain of the lower animals only, 
they yet may occur before birth, in birds and mammals, as a result of a 
lesion affecting the fetus. This seems a reasonable theory when con- 
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fined to such cases as hyperdactylism, but Tornier in a later paper, o1, 
wishes to go much farther than that and asserts that all cases of double 
monsters (Zwillingsbildungen) arise in the same manner, and cites, to 
illustrate his meaning, not only individuals with two heads, and those 
with two faces (the so-called “ Janus-monsters”), but also typical thora- 
copagi. As this theory presupposes an inequality in the value of the 
two components, since one must be the “Stammindividuum” from 
which the second or “ Ueberzihliges Individuum” must arise second- 
arily, it is hard to reconcile with it the exact equality in the development 
of the two components in the overwhelming majority of cases; and as 
separate twins of the duplicate type are so closely related to the most 
complete double monsters, they also must be included in the theory, a 
supposition apt to give rise to endless dispute among two people thus 
related as to which was the “Stamm-” and which the “ Ueberzihliges- 
Individuum.” 

VII.—A most unique theory is that of Beard, which he develops in 
connection with his original biological doctrine of MULTIPLE GERM-CELLS. 
He considers that the early blastomeres of a metazoon form “ an asexual 
foundation or larva, the phorozoon, upon which the germ-cells, and 
with those an embryo, take their origin.” Normally one of these cells 
develops into an embryo, a mere incident in the life-cycle, but occasion- 
ally two or more may thus develop. Thus “if two primary germ-cells 
undergo normal development, the result is the production of identical 
twins.” An attempt on the part of two germ-cells thus to develop but 
with abnormalities on the part of one produces a more or less rudi- 
mentary embryo, which may form any grade of morbid growth from an 
embryoma to an ordinary tumor or cancer. Wilms has conclusively 
demonstrated that, for example, all gradations from a highly-organized 
embryoma down to a simple sarcoma may be met with. In this discus- 
sion Beard plainly has in mind the various forms of parasitic monsters 
alone, since in all of his descriptions of compound forms one component 
is normal and the other reduced. There is no doubt that, granting his 
theory in the first place, there would be some logical explanation also 
for diplopagi, and it will be of interest to see what this author will do 
with this most important group of composite monsters. 

VIII.—As opposed, at least in some particulars, to all of the above 
hypotheses is that which sees the cause, both of separate duplicate twins 
and of diplopagi, in the TOTAL OR PARTIAL SEPARATION OF EARLY BLAS- 
TOMERES, PROBABLY OF THE FIRST TWO, as advocated in the present 
paper. This view as extended to diplopagi seems to have been first 
clearly enunciated by Bateson, 94, who says: “It is now a matter of 
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common knowledge that in animals (and plants) division may occur 
in such a way that two or more bodies may be formed from what is 
ostensibly one fertilized ovum. But by a similar division, imperfectly 
effected, the resulting bodies, instead of being complete twins or triplets, 
may remain united together, frequently having a greater or less extent 
of body in common.” ‘The italics are my own, and point out with 
extreme clearness my views on the subject as explained above. Bateson, 
however, continuing farther in his ideas, and believing that the com- 
posite body must show a complete bilateral symmetry, assumes, as Fisher 
did, the need of a situs viscerum inversum in one of the components, a 
view which appears to be upheld in a few instances” but fails in others. 
On this point he finally concludes that the amount of transposition 
depends upon the time of separation, a view the precise meaning of 
which is not clear in connection with his former explicit statement that 
such cases arise from the division of “what is ostensibly one fertilized 
ovum,” and suggests an unwillingness to abide by his theory so clearly 
expressed above. 

More recently this theory has been advocated by Sobotta, 00,” although 
he is uncertain at what point in early development the separation takes 
place. As opposed to the belief that this point is that of the two-celled 
stage, he suggests (1) that we do not know whether or not these blasto- 
meres in the human species are “ aquipotent;” (2) that it is difficult to 
conceive of a force capable of separating these blastomeres that le in 
one egg, protected by the zona pellucida, the oviduct, ete.; (3) that if 
one supposes a total separation, as in “ eineiigen Zwillingen,” it is hard 
to understand how the chorion came to be single, as seems always to be the 
case in such instances. He does not seem to consider these objections fatal, 
however, and although he inclines to the belief that the separation takes 
place during the later cleavage or in the “ Keimblasenstadium,”’ he 
admits that “die Ursache der Doppelbildungen auf einem friiheren 
Stadium zu suchen ist als im ersten Augenblick, wo sie der directen 
Beobachtung zuganglich [sind].” On the other hand he says: “ Vielleicht 
kann auch bei stark verwachsenen Doppelbildung die Ursache der Stérung 
noch viel spater einwirken auf die Area embryonalis selbst und selbst 


For this Bateson quotes Hichwald who finds that in thoracopagi “in al- 
most every .case one of the bodies shewed some transposition of viscera, 
though to a varying extent.” (Pet. Med. Zeitsch., 1870, No. 2.) 

“The original paper of Sobottta has unfortunately not been accessible to 
me, and I have relied entirely upon the review of the same given by Broman, 
oz. I hope that, in spite of this disadvantage, his views have been fairly 
represented. 
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auf den schon im Entstehen begriffenen Embryo.” 'The italics are my 
own and show that, in spite of what seems to be his inclination, Sobotta 
can hardly be included in this section but belongs rather more to the 
school of Valentine and Gerlach, who advance the period at which the 
splitting takes place to some point considerably beyond that of the 
early cleavage stages (II). 

The authors cited above are a small number of those who have ex- 
pressed their views upon the subject, but it is hoped that the exposition of 
theories includes practically all that are held upon the subject at the 
present time. For farther information the reader may consult the 
bibliography at the end of the paper, especially the papers of Wiedemann 
and Windle, who enter into the history of the subject in some detail, 
and also the general works on the subject. 


PART 1, 


STUDIES OF THE CONFIGURATION OF THE FRICTION-SKIN?* (PALMS 
AND SOLES) IN TWINS AND TRIPLETS. 


SCOPE OF THE INVESTIGATION. 

The physical “identity ” of duplicate twins, in so far as it has been 
considered at all, has hitherto rested upon such data as facial expression, 
color of hair and eyes, and physical proportions; features which, although 
perfectly reliable as far as they go, lack the definiteness necessary In a 
scientific comparison. 

Facial expression is often strikingly similar in two brothers or two 
sisters of separate birth, and, on the other hand, genuine duplicate twins 
may be subjected during life to circumstances that differentiate them 
to a marked degree. The same may be said of bodily measurement, 
even those included in the Bertillon system, since, as will be shown, the 


1The term “ friction-skin’’ was proposed by me and used in a paper now 
in press, written by my pupil, Miss Whipple. It designates that modified 
form of skin found upon the contact surfaces of the ventral aspect of mam- 
malian chiridia (hands and feet), which consists of ridges placed at right 
angles to the direction of the most usual forces and designed to prevent slip- 
ping after the manner of the milling or grooving in the handles of certain 
instruments. The ridges themselves, which in the higher Primates cover 
the entire ventral surface of the hands and feet, are called in the paper 
referred to “ friction-ridges,’ a term properly expressing their true function, 
and hence not misleading as is the term “ papillary ridges” hitherto used. 
A full description of these terms and of the physiological action of the parts 
involved will be found in Miss Whipple’s paper. 
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slightly different external circumstances of nutrition, activity, etc., 
will develop differences not present at first and not directly connected 
with the question of the original physical identity. In the study of the 
epidermic ridges of the ventral surfaces of hands and feet, however, we 
have an exact field for research, since there is a set of characters here 
present which are laid down in the embryo and persist until death, 
beyond the influence of any external change. They are, moreover, actual 
anatomical parts which can be studied and described, counted and com- 
pared, and reproduced for illustration by the exact method of printed 
impressions, a method by which each reader can have the data placed 
before him as accurately as though he could investigate the objects him- 
self, and in a much more convenient form. 

Galton, 92 (pp. 185-187), seems to have been the first to make use 
of these parts in the study of twins, but he confined his examinations to 
the apical patterns (finger-tips) alone, and although he was one of the 
first to formulate a scientific distinction between the two types of twins, 
yet in these investigations he makes no distinction between them, un- 
doubtedly because in this place his main object was to show their differ- 
ences and not their similarities. That he then, however, had in mind 
a more careful biological investigation of exactly this point is shown by 
the following statement, which is added to the investigations referred 
to, and which is so exactly the object of a part of the investigation of 
this paper, that I only hope that my plans, worked out quite inde- 
pendently, and at first without the knowledge of this statement, may not 
in any way interfere with anything he may have been preparing. He 
says: “ It may be mentioned that I have an inquiry in view, which has not 
yet been fairly begun,owing to the want of sufficient data,namely,to deter- 
mine the minutest biological unit that may be hereditarily transmissible. 
The minutie in the finger-prints of twins seem suitable objects for this 
purpose.” * (The italics are my own.) 

Since Galton, in the work cited, made no direct use of the epidermic 
markings in the study of duplicate twins as distinguished from the other 
types, and since he does not seem as yet to have published any investi- 
gation along the line of his statement quoted above, it appears that I 
have been the first to actually undertake such an inquiry. In my article 
“Palms and Soles” (Amer. Jour. Anat., 1902) I have published re- 
duced tracings (not prints) of the full set of palms and soles of a pair 
of duplicate twins as well as the hands of a second pair, and have shown 
the great similarity of those parts, “which are naturally greater than 


*“ Finger-Prints,” 1892, p. 187. 


428 Duplicate Twins and Double Monsters 


could ever exist in any other two people” (p. 435). Although these 
tracings and the brief statements accompanying them gave a general 
idea of the remarkable correspondences in such cases, they formed 
scarcely more than an announcement of an interesting line of investi- 
gation, and it is to supplement this that the facts presented in the 
present paper are given. In this the first consideration will naturally 
be bestowed upon the epidermic markings, although in order to make the 
investigation as complete as possible, I have thought it advisable to add 
anthropometric data and other matters of interest. 

The material at my disposal for use in the present investigation in- 
cludes some data, at least, and in nearly all cases sets of prints, of 16 
sets of twins and two sets of triplets, as shown in the following table: 

The sets are designated by Roman numerals and the individuals of a 
set by the letters and y (and z), both sets of designations correspond- 
ing to names and numbers as listed in my private collection. In the 
determinations of the physical appearance I have designated with an 
asterisk all cases that I have had the opportunity of observing person- 
ally. In the other cases I have depended upon the descriptions of others, 
usually the collectors of the prints. In the most of the “ unlike” cases 
the difference is so marked as to leave no doubt as to the determination, 
notably in the case of No. VIII, where the two individuals, although 
both of the same sex, are strikingly unlike in every way, while a third 
sister, two years younger than they, resembles one of them almost 
enough to pass for her duplicate. Nos. VII and X are the only ones 
that occasioned any hesitation and in this I was prejudiced by state- 
ments of the families, who, in both cases, consider that the twins are 
very much alike, but the differences seen by unprejudiced observers are 
sufficient to class No. X positively, and No. VII probably, in the fra- 
ternal class. 

I may here take the opportunity of thanking the numerous persons 
who have aided me in this investigation; several of my present and for- 
mer pupils, to whom I am indebted for Numbers I, II, III, IV, XVI, 
and XVIII; my assistant, Miss Inez Whipple, who obtained the data 
of No. VII and the photograph of No. XVIII; Miss L. I. Mattoon, 
who collected Nos. XIII and XIV; Miss C. F. Robinson, who collected 
the valuable set of triplets, No. XII; and Dr. R. H. Johnson, of the 
University of Wisconsin, who sent me No. V. I wish also to thank 
Prof. Edward Hitchcock, Dean of Amherst College and Director of the 
Gymnasium of that place, and Miss Senda Berenson, Director of the 
Gymnasium of Smith College, who have presented me with the anthro- 
pometric measurements made use of here. My thanks also would not 
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| 
A Degree of ‘physical | 5 
No.ofset., Sex. Here ebeccry ae alana: | Data in my possession. 
I. | Female. 22 | Identical.* | Palm and sole prints. 
| Rolled tinger prints. 
| Anthropometric 
! | measurements. 
II. | Female. 22 | Identical.* | Palm and sole prints 
| (right foot of X not 
taken). 
Anthropometric 
| measurements. 
| 
III. | Female. 20 Identical. | Palm and sole prints. 
Anthropometric 
| measurements. 
TGVe. | Female. 20 Unlike. Palm and sole prints. 
V. | Male. Not ascertained Identical. | Palm prints. 
(adult). 
VI. | Male. yy Identical.* | Anthropometric 
measurements. 
VII. Female. 15 | Considered alike, but Palm and sole prints. 
| | with a difference in| Rolled finger prints. 
| | height of one inch; | Rolled toe prints. 
| | and otherwise not) | Bertillon measure- 
| | identical; probably ments. 
| | | fraternal. ‘x 
\V IU | Female. | 21 | Very unlike.* Palm prints 
| Rolled finger prints. 
IX. Male. 15 Identical.* | Palm prints. 
| | Rolled finger prints. 
X.|Female. | 10 Similar but not iden- | Palm prints. 
tical: differ a little Rolled finger prints. 
in height and 
weight.* 
| | 
XI. | Female. 20 Identical. Palm prints (very 
| | poor). 
XII. Two males. 4 Two males identical ; | Palm and sole prints. 
Triplets. One female, ‘‘some re- Rolled finger prints. 
female. | semblance to the. 
| others, but not | 
| ane — CW I | 
XIII. Female. 25 Identical. Palm prints. 
Rolled finger prints. 
XIV. | Male. 7 | Identical. Palm prints. 
| | | Rolled finger prints. 
XV. Female. 20 Identical. | Palm and sole prints. 
| Rolled finger prints. 
| | 
XVI. | Female. 16 | Unlike. Palm prints. 
| | | | 
XVII. | One male. | 12 | Unlike. | Palm prints. 
One | | 
female. | 
eV LI | Female. (Adult.) | All identical. | Photograph and writ- 


Triplets. | 


ten description. 


31 
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be complete without including the many twins and triplets themselves, 
who have in all cases submitted to the ordeal of being printed with 
exemplary patience, and who in some cases (Nos. XI and XV) have 
taken the prints themselves. 


EXPLANATION OF DESCRIPTIVE FORMULA. 


The method of formulating the arrangement of the friction ridges 
of the palm, as given in my previous articles on the subject, and espe- 
cially in the last one (Popular Sci. Monthly, Sept., 1903), makes it 
possible to easily describe and compare the large amount of material in 
the collection listed above. In preparing this description my object has 
been to formulate each palm without prejudice, losing sight, so far as 
possible, of the degree of similarity between the individuals of each set. 

After going through them in this way, however, I have compared them 
with the previous decisions as to identity, and am willing to confess 
that I have occasionally added an explanation in those cases in which 
the formule fail to suggest the close similarity that is actually present, 
marking such additions in all cases by placing them between brackets. 
That this is occasionally necessary may be acknowledged by imagining 
the not infrequent case of two main lines which pass in opposite direc- 
tions very near one another, and where the variation of a single ridge 
may cause either of the two to be the upper line, or may cause them to 
meet and fuse. If we imagine, for example, lines C and D in such 
mutual relations as these, the results expressed in formule would give 
for the first two figures either 7.5 (with line D above), 9.7 (with line C 
above), or, finally, 8.6 (with a fusion of the two lines in question), a 
difference of formulation which is very misleading when we consider 
that these three conditions may be almost exact equivalents of one 
another. 

The formulations here given, aided by an occasional explanation in 
brackets, will furnish a brief but concise and definite description of all 
the palms listed above; and a comparison of this with the classification 
based upon the facial resemblance and general appearance will easily 
show whether the correspondence between the two, as demanded by the- 
ory, be warranted or not. As explained in the article referred to, each 
formula consists of four numbers, which designate the termini, and 
hence the mutual relationships, of the fowr main lines (the “ primary ” 
lines of the 1902 articles) in the reverse order, beginning with line D. 
The significance of the various numbers is shown by the diagram (Fig. 6) 
reprinted from the Popular Science Monthly with the kind permission 
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of the editor, Prof. J. McK. Cattell. The capital letter to the left of 
the four numbers designates the condition of the carpal region, whether a 
carpal triradius (C) is present, a parting (P), or a seam along the inner 
edge of the hypothenar region 
(S). The second row of desig- 
nations refers to the presence and 
the conditions of the various pat- 
terns,-and will explain itself. I 
have added also, in all cases pos- 
sible, the formule for the finger- 
print patterns after the Galton 
system. In all cases the upper 
row of designations or formule 
are those of the individual cata- 
logued in my list as a, the lower 
row those of y. The designations 
of the finger-prints (but not those Fie. 6. Diagram of a left palm, showing 
of the main lines) are arranged in Bet See er lovee as making the 
the order in which they would eee et Monthly, September, 1908, 
naturally come were the reader to 
lay his hands, palm down, on the table before him. 

To make this plain, the descriptive formule of No. XVI are placed 
here as an example, and the significance of each designation explained. 


No. XVI.—PALMS. 


Designations. Left. Right. 

Main lines, etc. DC BP A Carpus: (he -Cr oR. “A Carpus: 

Their termination in 2. IO. ty 9) Il ES ets 

Special features. Line C wholly wanting. A carpal triradius high up in 

seam. 

Their termination in y. 8) Bh AL Se |9 a Sk 

Special features. A carpal triradius high up| A carpal triradius high up in 

in seam. seam. 

Remarks on special fea-| [The marked differences in the formule diagnose these 
tures, resemblance, etc.,| at once as twins of the fraternal type, a decision that re- 
in brackets. ceives corroboration from the general aspect and facial 

expression. This set was sentin by a student with no 
statement concerning resemblance, but on inquiry subse- 
quent to making out the above formule, I found out that 
the twins were very different from one another. | 
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No. XVI.—PALMS (continued). 


Finger patterns. 
Number of finger. 5 4 3 ie ea 1 2 3 4 5 
Finger patterns in 2. u u wk Me u Ww Ww u u 
| 
Finger patterns in y. /u u u wil | u u u u u 
Remarks on the finger- [These also show a marked difference. The prints of y 
patterns, in brackets. | are all of the simple type of ulnar loops, with some vari- 


ation in their cores, as usual. In x there are several 
| whorls. ] 


In describing the other sets the designations will be arranged in the 
same relative positions, but the interpretations will be omitted. 


DESCRIPTIVE FORMULA OF THE PALMS AND FINGERS. 


The lst of descriptive formule is as follows: 


No. I. 


dats, PS! ree, aS) BULB oe (lene. ck ts 
1 ile “fh. 7h tS De iho, 34s, OES) 


[Notice in these palms the complete bilateral symmetry between those of 
the same individual. The “S” is a new designation, and expresses the con- 
dition in which there is neither carpal triradius nor a definite parting of the 
lines at the wrist, but a seam or break in the direction of consecutive lines, 
which runs up across the palm, defining the hypothenar area and forming 
the only element upon which to base the carpal line. The left palms of this 
set are figured in Fig. 7 and are made the subject of special study later on 
in the text. ] 


f=) {= 


[ Note the reversal of the pattern of the right index, an ulnar fold in one and 
a radial in the other. Note a similar peculiarity in either the left or right 
index of many other duplicate twins, and see the comments below on this 
point. ] 


No. II. 
(eo 84 fy Ie Sep ASE Bes ge LE’ 
H single broad loop. H round loop, rather low. 
So Oa By is IP ch On Gp Gye 12 
H single broad loop. H round loop, rather low. 


[These are remarkably similar, and correspond exactly in many little de- 
tails not apparent in the formule, as in the general appearance of the 
hypothenar patterns, the loops enclosed by lines C and D, ete. The single 
lack of correspondence, that of the first two figures of the left hands, does 
not alter the general configuration and in fact I am not sure but what they 
should really read the same, since the critical spots are covered up by broad 
red pencil lines, placed there before I realized the value of keeping the orig- 
inal prints unmarked. 


Harris Hawthorne Wilder 433 


Were the “7.5” of « changed to 8.6 as may well be possible, we would 
have another case of the complete bilateral symmetry in the hands of each 
twin as in the case of No. I.] 


WU Ue are Ww BE Nye 
Ww a bate UW aU 


[Here the patterns of the left index are reversed, although it is not notice- 
able at first, since the pattern in question belongs to the arch type, normally 
bilaterally symmetrical. By a careful examination, however, the arch is seen 
in each case to bear a small loop along one side, the loop being radial in one 
and ulnar in the other. This I have indicated by the little letters used as 
exponents. | 


No. III. 
eS 9. Ts Does It UE aS 
Small ¢. § in form of a double curve. 
nie Or 2 Ors 25 10) (8-8 62S 
Small @. § in form of a double curve. 


[Reduced tracings of these palms were published in Amer. Jour. of Anat., 
Vol. I., pp. 436-437, and show their complete identity. While in one way no 
nearer alike than are the two preceding sets, there are more special features 
to be copied and the duplication is thus very complete, and more striking. 
The twins themselves, who are young ladies of twenty, had long noticed the 
curious patch of cross ridges on their left palms which represents a rudi- 
mentary ‘“‘thenar,’ or morphologically a first interdigital. ] 


UW WW TS UL IW oi a We OVE 
LL Wae Wee Ree Ul Witla Wie, SWAP Wi 


[There is here no reversal of the pattern in either set of indices. | 


INjOn VE 
HG) 8. % 33. SGC high);, in loe Wisk tai = Sys pts) 
No H. No H. 
Os le See cla ee Ee I ines) 
No H. H small loop, low. 


The palms represented by these formule are very unlike in general appear- 
ance. The high position of C in «-left gives to that hand an especial char- 
acter as that condition always does; and shows a marked contrast to the 
condition of the corresponding palm of y. The twins of this set do not at all 
resemble one another and are undoubtedly fraternal. | 


Lie Wan aaa UL Ul Gh i oye 
Wh 7 Uh ie ae wl Wh Wh ye 
No. V 
8. Oe, tig tore 8: SS Ws 15 i, 
Not Es No H. 
JECMe” Jao). be “a, ee Kae Gy) 7 (e 


H small loop, very low. No H. 
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[These are practically alike, with two exceptions in the left hands, which 
are of slight morphological value. In y there is a third lower triradius (1°), 
through which the last two lines (C and D) run. In order to indicate this, 
quite a change in the formula is necessary, but it will be seen that the 
final courses of the lines in question, as indicated by the numbers in paren- 
theses, are the same as in the case of @, i.e., 8 and 6. The small loop in y, 
classed as an H pattern, is very rudimentary. In all other respects the palms 
are exact duplicates. ] 


oh oY kU Bip we Ww 
oy We We Us Te su 


[Again the same inexplicable reversal of the pattern of one of the index 
fingers, this time the left, an ulnar loop in one case and a radial in the other. 
Compare I and II.] 


No. VI. 


[Of this set I have the statistics alone. I have met these twins personally 
and the resemblance is wonderfully exact. ] 


No. VII. 
gee sae eile 17458 ets) a ic sy ek! Soe 
Line C ends in loop. H almost rudimentary. 
H complete with three triradii. A wide open loop. 
We tig, AGE! aks, 10 Valea oa Cosy, (0) 
Line C ends in loop. H a closed loop; lower inner tri- 
H a simple loop. radius present. 


[This case has caused me considerable trouble, owing to a preconceived no- 
tion that the marks ought to be found identical. The family~emphasized 
the facial resemblance of these twins and when I first saw them they cer- 
tainly looked much alike. One was, however, an inch taller than the other, 
and the facial resemblance, after a short acquaintance, did not seem as great. 
Upon an unprejudiced comparison the prints of the palms are very different, 
and not at all as in the case of true duplicates. The finger patterns also do 
not at all correspond. The sole markings are similar, but not identical. The 
case is plainly one of fraternal twins that resemble one another somewhat 
more than the average. | 


WET) UES bly eh bl UU UL Va UL 
WE WE bt bi abt waiu 


=| 


u 
[No correspondence here.] 


No. VIII. 

BS Oe Ei) ere 7a Or Teese tile aoc ee 
GaSe) oOsme Dee ate, 62 28.. 90, so... ne 
Se [UA a ees 
Me AE ALS al We Ws al 


[These are the fraternal twins referred to above, which are extremely un- 
like, the one tall and slender, and the other somewhat shorter and quite 
stout. The latter so closely resembles a sister two years younger that they 
cause some confusion to those who do not know them well. ] 
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No. IX. 


95; U; (oso se © NO Oy Ge wesc VC 
Sais, (os woe Oa S20 16S Fos FEC?) 


[As may be supposed, these boys are in every way identical. The slight 
discrepancy in the right carpal formula, a triradius (C) in # and a parting 
(P) in y is very likely an error, since in a print one cannot distinguish be- 
tween a genuine parting and the lines which diverge to form a triradius that 
occurs below the limit of a print. In fact it is a question whether or not all 
genuine partings are to be interpreted as the beginnings of “ extra-limital ” 
triradii, or those which would be formed by the imaginary continuation of the 
ridges beyond the limits of the friction skin. Neither palm possesses any 
special features other than those indicated in the formule. ] 


SL Ue ee UE eT Arse Wiens, Ul 
el bt bl UL Ua Tie pl are We UL 


[There is here no reversal in either set of indices, but the right hands show 
' a difference in the pattern of the middle finger, a condition not seen in any 
of the other cases of genuine duplicates. | 


No. X. 
Ye (Gs, tie fay NODSe9 3G. : ¢ 
1°. H narrow loop. 
1, by By. © Oe itn ene e/ Ae eC) 


H closed loop. 


[These twins caused me some little difficulty, although they show by the 
formule great differences and determine the set as fraternal beyond a doubt. 
The subjects are little girls of ten, whom I have seen but once, and at the 
time I took it for granted that they were duplicates, and, as they came to my 
laboratory hand in hand, dressed exactly alike and each with her hair in 
two small braids; they were certainly similar, but to my assistant they did not 
appeal in the same way, and she judged them fraternal before seeing the 
prints. There is a noticeable difference in height and quite a little in weight, 
greater than is usually found in true duplicates. ] 


SOT V/A VV 2 Wa Wa Wi 
wwww? ee Da) allt MWe. OW 


[The finger patterns of both are mainly of the whorl type, but even here 
y is at variance with her sister in two digits, which possess ulnar loops. | 


No. XI. 
Ae Oe Tee 5s € EP OSe a Dae 
A curious loop on 4th interdigital A rudimentary L°, which forms a 
area, perhaps accounted for as an lenticular figure, made by a parting 
inverted L*. of the ridges. 
VU Oe foe IC Ie a ee <O 
The curious loop, identical with A rudimentary L*, forming an 
that of z-left. exact duplicate of the figure of 


ov-right. 
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[These furnish another case of undoubted duplicates, and the prints would 
be especially fitted for illustration in this paper, were it not for the fact that 
they were taken by the twins themselves before receiving proper instruction 
and are barely sufficient for study, still less for printing. It is also unprac- 
tical to attempt to procure others in this case. Note the complete symmetry 
of the two sides in both, as in many of the cases of duplicates, although 
occasionally found in other individuals. ] 


wr el LL i tbl ib fol’ 
le “hr BL ze 4% yok bl Whe 


[The finger patterns seem to be all ulnar loops, with no reversal of index 
patterns. | 


No. XII (Triplets). 


SL S((alaL)) a he Ge 16: IO) fo. PILES) 
1? encloses a pattern. Rudiments .t* encloses a pattern. Rudiments 
of H and @. of H and @. 
(IEG Bs te Hs DGS Ib tle Ly) 
t* encloses a pattern. Rudiments L* encloses a pattern. Rudiments 
of H and @. of H and @. 
10. (Ga Ge <BR Ae 1s ee) ie ae 
1° encloses a pattern. Rudiments Neither L’ nor L* rudiment of H. 


of H. 


[These triplets are made the subject of a detailed study elsewhere and 
the palm prints are represented in fac-simile in Figs. 8 and 9. It will be seen 
from these that the difference in the first figure of the formula for the left 
hands of # and y is apparent rather than real, and that the palms of the two 
boys are in every respect as “identical” as in the other true cases, while 
that of the girl (2) is quite unlike them. Again the bilateral symmetry of 
the lefts and rights will be noticed, a peculiarity not seen in the girl (Z).] 


(2) are a He uh ho 
GQ a a) vane? 7 bP bk We 
(Ay Wh Wh ok ip i ly hl 


[There is no reversal of index patterns in the two boys; the left index is 
in each case a tented arch with a loop on the radial side, the right indices 
are simple ulnar loops. ] 


No. XIII. 
Uo. be Ge Be Je D4 alia Ooo ee 
Large @, trace of Id’. Convergence of ridges at hypo- 
thenar margin. 
Oo eos © LO, GO Gt one 
Large @, trace of Id’. Convergence of ridges at hypo- 


thenar margin. 


[According to personal appearance these should be duplicates. I have 
never seen them, but the one who took the prints wrote: ‘“ The Misses 
are so similar in coloring, figure and features that even their best friends 
confuse them.” It must be confessed. however, that the differences in the 


Harris Hawthorne Wilder 437 


formule cannot be reconciled, and that the palms are, and remain, in respect 
to the main lines, very different. They both possess, however, certain pbecu- 
liar markings in common, as the thenar patterns in the left hands, or the 
hypothenar convergence in the rights, facts which would help matters out 
were there any hope of reconciling the lines. I must leave this as a totally 
aberrant case, and treat it as such in the summary given below. In the other 
two cases that have caused trouble, Nos. VII and X, the resemblance is not 
so striking and there are marked differences in height and weight. It will 
be noted that in these there is a complete lack of that bilateral symmetry 
in the hands of one individual which is usual, though not invariably 
the case in undoubted duplicates. Were the theory established beyond doubt, 
I should unhesitatingly diagnose this as a case of fraternals in whom there 
happens to be a striking resemblance, but as one cannot be dogmatic, I must 
leave it as recorded, without explanation. | 


CS SL Sw Nye WU bt Sb il 
UUs SUL UE Wy; Ve Ul SUL UL 


[The finger prints correspond exactly in the two individuals, even more 
than is usual in those twins that are unquestionably duplicates, yet it will 
be noted that they are in the main ulnar loops, the commonest type of 
pattern. | 


No. XIV. 
Us eo ha eb © Ue 8s ie 56 16 
Indication of 1* shown by a broad A broad loop between T* and T*. 
loop between T* and T*. H a nar- ES: 
row loop. 
ice Os Os) 2s te AS. eis ies” LEP C22), 
1’? well developed. H a narrow A broad loop between T* and T* 
loop, with a core of oblique ridges. showing rudiment of LL’. 


[These correspond exactly in all but two minor particulars, and show, 
aiso, that bilateral symmetry so usual in the case of duplicates. The two dif- 
ferences are slight, and in each case the decision rests upon a single ridge. 
In the left hand of « line A almost runs into the carpal triradius, as it does 
in the case of y, a single ridge in the hollow of the hand deflecting it slightly 
outward; and in the same way the “8.6” of the right hand of y is so near 
7.5 that another might interpret it so. These twins I have never seen, but 
they are reported as being identical. ] 


Wh be UE ee US a UU 
ES Uy a ul US UES UU ou: 


[The finger patterns are all ulnar loops except the right index of x and 
the left index of y, which are tented arches. These phenomena may possibly 
be of the same order as that of the reversal of patterns in the same finger, 
since, in passing over from an ulnar to a radial loop, a tented arch is an inter- 
mediate stage. Here, at any rate, there is a reversal of hands if not of indices, 
since the left hand of y corresponds to the right of x, and vice versa. ] 
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No. XV. 
ca ee t(ae wise eats} 1s Ws O “te oS 
A long seam along the hypoth- Seam, division of ridges, etc., as 
enar area and a division of the in «-left. 
ridges (—C?) very high up. 
1 lice ee. WO UO, fo Os S 
Seam, division of ridges, etc., as Seam, division of ridges, etc., as 
in «-left. in «-left. 


[This is a very satisfactory instance of true duplicates, since there is not 
only a complete correspondence between «2 and y, hand for hand, but the 
bilateral correspondence, also, is far greater than the formule would indicate. 
The 10 and 6 of the right hands indicate, of course, that lines D and B 
meet and fuse, but in the left hands this nearly happens, as in passing they 
leave between them at the nearest place but two ridges in x and four in y. 
In other details they correspond. I have not seen these twins, but their 
brother states that the resemblance is exact. ] 


US Ue a LU LS i rt 
bh bt = abt i abt Wh se bE 


[This finger pattern formula shows the typical nature of this case in another 
particular, namely, the reversal of the pattern on the right index, an ulnar 
loop on one and a radial on the other. What seems to be a lack of correspon- 
dence in the left indices disappears when we study the actual prints, since 
the radial loop of « eneloses a large oval at its core, which is merely enlarged 
a little in y to form the “ whorl.’ ] 


No. XVI. 


[Used as an example of formulation at the head of this list, q. v.] 


| No. XVII. 
aches bie a6 1a 9 a eee 
GiiaT ety abe ie Oi qiqsanoy (bi RC 


[As these are of different sex they are known @ priori to belong to the 
fraternal class. The formule are seen not to correspond. It may he noted 
that y is bilaterally symmetrical in the matter of palm patterns, a condition 
likely to occur, though not very often, in individuals not duplicate twins. ] 


iy bk UL SU Uae Wega el: 
TW a a we bh bl hy 


[No correspondence here. ] 


CLASSIFICATION OF THE SUBJECTS STUDIED, BASED ON THE 


ABOVE TABULATION. : 


An inspection of the above will show that, relying upon the formule 
alone, nine out of sixteen sets, viz., I, II, III, V, IX, XI, XII (boys 
alone), XIV, and XV, are true duplicates, either absolutely identical 
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or with one or two slight differences due to the disposal of one or two 
ridges at some critical point; and that, furthermore, these nine sets 
are also “identical” in personal appearance. Of the remaining eight, 
all of which differ as much in the palm and finger formule as do 
brothers and sisters of distinct birth, five of them, viz., Nos. IV, VIII, 
XVI, XVII, and the girl of No. XII as compared with the boys, are 
quite unlike in personal appearance; two of them, Nos. VII and X, are 
very similar but not identical, leaving No. XIII alone to present the 
irreconcilable data of identical personal appearance with very different 
formule. This set certainly damages the case to a slight extent, but 
it is but one out of seventeen, or between 5 and 6 per cent, the remaining 
sixteen being remarkably consistent in their relations to the main theory 
of the paper. This theory would demand the disposal of No. XIII as 
a case of fraternal twins in which the two members happen to resemble 
one another closely, and as such cases may occur in separate births, it is 
in no way remarkable that in those born at the same time and subjected 
as far as possible to the same environment after birth a chance resem- 
blance might occur as great as in this instance. The placental condi- 
tion at birth, employed at the beginning of this paper as an important 
criterion, would very likely settle the question, but this it is impossible 
to obtain. As a matter of coincidence it may also be possible to find a 
case of unlike fraternal twins with very similar palmar formule, thus 
emphasizing the necessity of the identity of both formule and good physi- 
cal characteristics as necessary concomitants in diagnosing a case of 
genuine identity. 
In tabular form the sets studied above may be classified as follows: 
True duplicates, with correspondence of physical characters 
and palmar formule, Nos. I, II, III, V, IX, XI, XII (the 


TOR GON S) ENGI Ve GRAN, <5 0-8 nt ete EN Rees sk do a = 9 sets 
Fraternal twins, decidedly unlike both in personal appearance 

and in palmar formule, Nos. IV, VITI, XII (the girl in 

comparison with the two boys), XVI, XVII (this last of 

CINSIRGIO ID WEE GS biti le REO ae A ne ete = 5 sets 
Fraternal twins, that look much alike but with different palmar 

mepmmnaileeyNOas Wil ands Xo 58 ety Soc ee = 2 sets 


Twins, probably fraternal, with different palmar formule, but 
strikingly similar in physical characteristics, No. XIII..— 1 set 
Of these the fraternal twins, being in no sense different from children 
of separate birth, will interest us no further in the present discussion, but 
the nine sets of duplicates deserve a careful consideration and may now be 
taken up in detail. 
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SUMMARY OF FRICTION-SKIN CONDITIONS IN DUPLICATE TWINS. 


In the above cases the identity of palmar markings is much more com- 
plete than is brought out by the formule, since these last have an arti- 
ficial element in their formation and the course of a line often depends 
upon the detail of one particular ridge, one of Galton’s “ minutie;” 
and since the correspondence, even in duplicate twins, is not carried as 
far as these, a fact that will be brought out later together with the 
probable reasons for it, it may easily happen that such a slight differ- 
ence, when occurring at a critical point in the course of a main line, 
may change the symbol of one or perhaps of two positions. Another 
source of error is found in affixing a designation to the carpal region, 
since a print often leaves off at the wrist before the limit of the friction 
skin is reached, and thus in the case of a very low carpal triradius, this 
latter may not even appear, causing the investigator to class as a parting 
what should be a triradius. In the entire nine sets of true duplicates 
there is not a single difference that cannot be traced to one of the above 
sources and thus be shown to be of no real value. 

Features of especial interest in the palmar and finger configuration 
of duplicates are (1) the tendency to a symmetry between the two sides, 
which appears to be far greater than among other individuals, and (2) 
the mysterious reversal of index patterns of one hand or the other. 
Added to this last there seems also some tendency to lack of corres- 
pondence in the thumb patterns, and in a single instance (the rights of 
No. IX) there is a difference in the patterns of the middle fingers. 

A detailed comparison of the nine sets of duplicates considered here 
yields the following results: 

Of these sets five are female, and four (including the two boys from 
a set of triplets) male. The physical resemblance seems in all cases 
to be complete, although I can corroborate this from personal inspection 
in but three of the cases. The total difference in the palmar formule, 
excepting two cases in which the carpal areas are in question, consist 
of but five instances, all of the left hand, and all of the slight nature 
explained above. Since each palmar formula plus the character of the 
carpus consists of 10 symbols, there are in all 90 sets of such symbols 
in the above list, and if we deduct from these the nine which do not 
correspond (two of the differences involve two symbols each) we find 
an exact correspondence of 81 out of the 90 sets or 90 per cent of the 
whole. To these formule may be added, as they occur, 14 instances 
of other features, such as patterns and lower triradii, 12 of which show 
a complete and one a partial correspondence, while one alone, the small 
hypothenar loop in No. V y, is unrepresented in its duplicate. 
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TABLE II. 
No | cae | $4 | Correspondence of | a ae ne | Reversal of index 
resemblance.| &@ | Palmar formule. = jalmar formule. | pattern. 
I. | Identical.* Complete. Complete. | Rights. 


2 
Il. | Identical.* 2 | One difference Complete with the Lefts. 


in left. exception just 
noted. 
III. | Identical.t | Complete. None. | None. 
V. | Identical.t 3 Two differences Complete with the | Lefts. 
in left. exceptions just 
noted. 
IX. | Identical.* | | Complete.t None. None. 
x | Identical.+ | Q | Complete. Complete. | None. 


XII.Z Identical. One difference Complete with the None. 
| in left. | exception just | 
| noted. | 


XIV. §Identical.+ Wes One difference Complete with the Indices show two al- 


in left.{ | exception just ternating patterns, 
noted. th, Gy fe Nolan = 75 
right, and y- left 
een = 2- right. 
| | 
XV. | Identical. Q | Complete. | None. Right. 


* Decision rests upon personal inspection. 

+ Decision rests upon testimony of others, all reliable sources. 

+ In addition a carpal difference not counted because of reasons above stated. 
§ The two boys alone from the set of triplets. 


A complete bilateral symmetry in the case of duplicate twins calls 
for a double correspondence, 7. e., four hands with the same formula, or, 
in cases where there is a point of difference, three hands alike and the 
fourth also corresponding save in the point noted; and yet this difficult 
requisite is fulfilled in six out of the nine sets, while in the other three 
there is no attempt at bilateral correspondence. This seems to show 
that a bilaterality in the case of true duplicates is to be looked for, 
although it is not a prerequisite. 

The occasional reversal of an index pattern is, perhaps, the most sin- 
gular phenomenon yet observed, but it occurs too often to be a coinci- 
dence (4 out of 9, with a strange interrelationship in a fifth). The table 
shows that this reversal bears no necessary relationship to the bilaterality, 
since it occurs in No. XV, in which there is no bilateral symmetry, and, 
on the other hand, is entirely absent in XI and XII, in which a com- 
plete bilaterality exists. In its commonest form it consists of the re- 
versal of a loop, which is ulnar in one individual and radial in the other, 
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but in No. II the reversed pattern is a tented arch to which a small 
loop is applied laterally, being ulnar and radial respectively in the two 
individuals. As for the side upon which it occurs, it is right in two 
cases and left in two. In seeking for an explanation, the theory of the 
transposition of viscera in twins is recalled to mind, and especially 
Bateson’s statement that the transposition need not necessarily be a com- 
plete one, but why the tranposition should affect one finger alone, or 
why that finger should always be the index, these are at present questions 
beyond solution. 

_ With the evidence thus far at hand, the impression becomes strong 
that in typical duplicate twins, the following conditions of the friction- 
skin configuration ought to co-exist with the correspondence in other 
physical characters, and probably with that of a single placenta and 
chorion during development, namely: (1) Duplicate formule for the 
main lines and for the carpus; and (2) Approximate correspondence 
in other features such as lower triradii, seams, and patterns; to these 
may be added as usual, though not necessary, (3) Bilateral symmetry 
between the hands of the two sides, and (4) A reversal of the patterns 
of one of the indices, either right or left. 


DETAIL OF ACTUAL PALM PRINTS OF DUPLICATE TWINS. 


For the purpose of enabling the reader to study actual conditions, I 
have reproduced in Fig. 7, the prints of the left hands of No. I, the 
tracings of which have been already published (in Amer. Jour. Anat., 
Vol. I, p. 488). These are good typical duplicates, and although as 
subjects they may not be as good as those possessing more patterns and 
other details, they were the only subjects from which I was able to pro- 
cure prints satisfactory enough to be used for this purpose. 

In these the four main lines are identical in their general course and 
in their effect in the formation of areas, but differ slightly in the relative 
proportions of the areas they demark. Jt is as though identical forces 
had directed the development in the two individuals, but that the mate- 
rial had yielded a little unequally to the strain of growth, a given area 
being a little more expanded and consequently covered by a few more 
ridges in one than in the other. The result is a slight variation in the 
curvature of the main lines and in the number of ridges between them 
"at identical spots in the two individuals. Line A, arising from the 
triradius at the base of the index finger, curves around the base of the 


Fia. 7. Prints of the left palms of Twins No. 1. Natural size. The lines of 
interpretation are marked with india ink. (Figwre on opposite page.) 
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thumb and eventually opens at the lower margin on the radial side, an 
unusual position. The amount of curvature of the line is somewhat 
less in y than in 2, and the cause of this is evident in the difference of 
position of the 1st triradius from which it arises, which in y is more 
centrally placed (beneath the middle of the index finger), while in 2 
its position is unusually near the inner margin. This difference in 
curvature is probably also the cause of the difference of relationship 
between this line and the deep, curved wrinkle, the “ line of life,” which 
in z is almost coincident with it, while in y it diverges widely, espe- 
cially at its upper end. Lines B and C, those which arise from the 
bases of the middle and ring fingers respectively, curve outwards and 
upwards in both 2 and y and terminate eventually not far from one 
another in the interval between the ring and little fingers. Here again 
slight differences in curvature, and consequently in the shape of the 
areas which they define, may be noticed, but the similarities are far 
more striking than the differences. Line D, arising from the base of 
the little finger, curves around line B in both cases and opens in the 
interval between the index and middle fingers. The curvature of this 
line is in w slightly more abrupt and as a consequence it comes notice- 
ably nearer to line B along that part of the course at which the two are 
approximately parallel. In neither of the palms are there especial fig- 
ures such as patterns or lower triradii. 

Farther examples of the correspondence of the main features in dupli- 
cate palms may be seen by an inspection of the palm prints of the two 
boys of the set of triplets (a and y of Figs. 8 and 9) since these are 
as genuine a case of duplicate twins as though a fraternal sister had not 
developed at the same time. These, although smaller and with finer 
ridges than in the case of adults, are much more convincing studies than 
are those just considered, since they possess numerous features other 
than those of the main lines, all of which are duplicated with great 
fidelity. While studying these, it will be of interest to compare them, 
point by point, with their fraternal sister, to see the lack of correspond- 
ence as well as the similar features which are liable to be found in any 
children of the same parents, whether contemporary or not. 

Here, in the boys, the main lines of both hands are, with one shght 
exception, as accurately duplicated as in the case of No. I, and the right 


Fic. 8. Prints of the left hands of a set of triplets (No. XII), aged four years. 
Natural size. Lines of interpretation and other features marked with india ink. 
The two boys (x and y) are duplicates; the girl z is related to the others fraternally. 

Fic. 9. Prints of the right hands of No. XII. Natural size. [See explanation 
under Fig. 8.] For figures, see opposite page. 


FIG. 9, 
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and left hands either of the same individual or one of w and one of y, 
are also exact symmetrical equivalents. The exception just mentioned 
is hard to find and is so slight that I was for a long time in doubt 
whether or not to express it in the formule as given in the list on 
page 436. As may be clearly seen by consulting the formula, it is found 
at the origin of line D in the left hand of y, where by a slight differ- 
ence in the minutiz of the ridges, the line arising from the 4th digital 
triradius cannot be said strictly to become continuous with the 3d lower 
triradius (1°) as in x and in both right hands. (Compare x ahd y 
in this particular.) This case is in itself an interesting contribution 
to the study of the ridges and thew minutia, since it shows, as main- 
tained elsewhere, that the exact correspondence of duplicates does not 
extend to those latter parts save in a general way, and that a difference 
in main line formule often depends upon some eccentricity of a single 
ridge, in itself sufficient to deflect the course of a line, although of no 
importance in regard to the general pattern. Six of the eight remain- 
ing exceptions to the correspondence of the 90 pairs of symbols em- 
bodied in the descriptiwe formule of the nine sets of duplicate twins 
considered above are of as slight a nature, and the other two differences 
are situated in the carpal region, and are of still less importance since 
they are in all probability the result of incompleteness in the prints. 

In the ridges themselves, whether we consider their number or the 
minutiz met with along their course, we find but little similarity, 
although more in the former than in the latter. If, for example, in 
the two left palms of No. I (Fig. 7) fine straight lines be drawn with a 
ruler, connecting adjacent digital triradii, and if the ridges crossed by 
those lines be accurately counted and compared, the results are as follows: 


TABLE III. 
ita) * . | = ; REE. 
‘Aves Counted: No. of Riders: No. oy oe 
2nd interdigital area (between index and medius)......... 49 45 
3rd interdigital area (between medius and annularis)..... ] 22 22 
4th interdigital area (between annularis and minimus).../ 49 51 


These differences are certainly not great, especially when we note 
that there is often a chance for individual difference of opinion, amount- 
ing to one or possibly two ridges each way. Thus the pencilled line 
often crosses an interrupted line at its very end and an almost infinitesi- 
mal difference in its position would determine whether or not that 
line should enter the enumeration. Greater differences than this often 
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appear if we count the ridges composing areas limited by the main lines, 
but in these cases we must remember the semi-artificial character of the 
lines themselves, and the fact that in tracing them there is frequently 
a point, caused by the forking of a line, the interpolation of a new one 
or some similar structure, where the decision is an arbitrary one, and 
that such a variation, although minute at first, may often make consid- 
erable difference as the line is continued. For example, we may take 
in the same prints the two lnes B and C at their termination between 
the 4th and 5th digits. In 2 they are apparently five ridges apart at 
the margin and but three (or four) in y, differences which may easily 
have been made in two copies of a single hand by swerving the course of 
the lines as much as permitted by the ridges. There is, however, too 
much difference in the same two hands at certain other places, as, for 
example, the distance between lines B and D at the lower curve, to 
account for it in any such way. In z@ this distance is expressed by an 
average of seven ridges, while at no place in y are there less than fifteen. 

This occasional wide discrepancy in the number of ridges suggests 
that we are on the border between characteristics which are duplicated 
and those which are not. While the correspondence between the main 
lines and areas, the patterns and other figures, and even the number of 
ridges in most cases is nothing short of remarkable, the law seems to 
fail at about the latter point, and if we turn to the “ minutiw” of the 
ridges, that is, the forkings, interruptions, interpolations and isolations, 
we find that the limit of resemblance has been passed and that whatever 
law of heredity or of construction has caused a similarity of form or 
arrangement in the larger parts, it is here no longer binding. Perhaps 
in this way we may be led to approximate the answer to the question 
asked by Galton: “What is the minutest biological unit transmissible 
by heredity?” since in individuals that arise from one egg and thus 
possess, presumably, the same inheritance, the main lines, areas, pat- 
terns and other large features are duplicated exactly, or as nearly as 
the ridges will allow them to be, while the ridges themselves with their 
minutie are not. To illustrate this, apply a lens to the corresponding 
areas of any two duplicate prints, as, for example, the areas in the left 
palms of No. I designated by a small x, and follow the details of the 
ridges. If we compare either the short detached pieces known as 
“islands,” the forkings or the interruptions, we shall see that in 
these details the two areas are as indwidual and distinct as are any 
two corresponding areas in hands entirely unrelated. They are like 
two duplicate pieces of masonry built with irregular blocks of stone 
taken haphazard, and show clearly that while in each egg (i. e., each 
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divided half) there has been a force or mechanism sufficiently similar 
to that contained in the other to cause the main lines, the areas and the 
patterns to develop as practical duplicates, it has attempted no control in 
the formation of the separate ridges, and that these latter, therefore, have 
developed in obedience to forces which have appeared later in the develop- 
ment, and which did not exist in the first germ-nucleus. 

Some explanation of these later forces and their method of action has 
been given through the recent investigations of Miss Whipple, in the 
work referred to in the bibliography and now in press. The author has 
studied the genesis of ridges, both phylogenetically and ontogenetically, 
in the various orders of mammals, and shows that they are formed from 
either (1) the coalescence of separate epidermic untts, each with a sweat 
gland (and, typically, a sebaceous gland and a hair), which arrange 
themselves in rows and form single ridges, or, in other cases, from 
(2) epidermic rings, formed by a coalescence of the primary units in 
circles, which, by becoming elliptical and arranging themselves in rows 
corresponding to their longitudinal axes, form simultaneously two rows 
of ridges.’ This process may be easily seen, in all stages of transition, 
in many mammals, especially Marsupials, Lemurs and the lower Pri- 
mates, along the borders of ridged areas which are surrounded by either 
the simple units or by the rings, and in all of these lower forms, in which 
the friction ridges and the pads are still of functional importance, the 
separate units seemingly arrange themselves in obedience to purely 
mechanical laws, as though determined through use-inheritance. In 
fact, I do not know any instance which convinces me so completely of 
preformation in the egg as the comparison of duplicate twins, nor, on 
the other hand, one that forms so good an argument in favor of the 
doctrine of use-inheritance as these investigations of Miss Whipple. The 
facts and principles thus far brought out in the general study of the sur- 
face structures of the mammalian chiridium point more and more to 
the great importance of these parts as a basis for the study of funda- 
mental biological problems. 


*This development of separate epidermic units into friction ridges, as thus 
far ascertained, is a phylogenetic development, as traced by the comparison 
of adult forms. How much of this may be recapitulated in individual ontog- 
eny has not as yet been ascertained, but it seems probable that more is left 
the individual to accomplish in such lower mammals as Marsupials and 
Lemurs than in the higher primates. Finger patterns which would proba- 
bly have become the adult form are demonstrable in a simian embryo of 
70-90 days. 
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DETAILS OF FINGER PATTERNS IN DUPLICATE TWINS. 


It is with much hesitation that I venture upon a field so minutely 
worked out in every detail by Mr. Galton, the more so as he has already 
included among his labors a comparison of the patterns of three fingers 
in the case of seventeen sets of twins,’ by a coincidence the same number 
presented here; since, however, he has in this made no distinction be- 
tween duplicate and fraternal sets, it may not be superfluous to make 
a short comparison of the formule above given, and to present fac-simile 
prints of an actual case of true duplicates. 

My material is in a way incomplete, since I have rolled impressions 
of but nine of the sets studied (Nos. I, III, VII, VIII, IX, X, XIII, 
XIV and XV), and for the other cases have to rely upon the dabbed im- 
pressions obtained, accidentally, as it were, while taking the general 
palmar surface. As the fingers are somewhat flattened during this 
process, the patterns are in most cases sufficiently complete for compari- 
son except in the case of the thumbs of which the edges only appear, 
save in those few cases in which the operators have had the forethought 
to make a separate impression of each thumb. Where the pattern of a 
thumb or other finger is in doubt I have placed a question-mark in the 
formula. As shown by a cursory examination of the above formule, the 
results in the case of finger patterns are not very definite, and not only 
is there frequently a lack of correspondence among the duplicates, but 
there are also cases of undoubted fraternal twins in which the similarity 
is remarkable. Thus, of the nine duplicate sets, not counting a reversal 
of indices as a difference, Nos. J, III, V, XI, and XII (boys) correspond 
completely, while Nos. IZ, IX, XIV and XV show differences (other than 
reversals), in I the right thumb, in IX the right middle finger, in XIV 
both sets of indices, and in XV the left index. In all the above the 
numbers ttalicized show a reversal of an index pattern. Turning 
now to the seven fraternal sets, No. VII shows four differences, IV and 
XVI three each, VII, X and XVII, two each, and in XIII alone the 
two formule correspond—the doubtful case. As to the digits in which 
the differences are located, in one instance it is the thumb, in ten the 
index, in three the middle finger, and in two the ring finger. 

The above results may be more clearly expressed in the form of a table. 

Placed in this tabular form the records show at once the much greater 
correspondence in the duplicate than in the fraternal set, since out of 
nine sets of the former there are but six differences (aside from re- 
versals), or 62 per cent, while in the seven sets of the latter there are 


* Finger-Prints, 1892, pp. 185-187, with Table XXVII. 
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fifteen, or over 21 per cent of the whole, and in this latter computation 
there is not included one in set VIII which happens to be a reversal, 
and is probably a coincidence, since there seems to be in fraternals no 
especial tendency towards this phenomenon. Again, taking the indi- 
vidual sets and placing over against each the number of differences they 
exhibit, we have the column at the right hand of the table, which shows 
very clearly the comparison between the two sorts of twins. 


TABLE IV.—-SHOWING THE CORRESPONDENCE IN FINGER PATTERNS. 
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A correspondence of pattern is indicated by (0), a reversal by (¢) and a disparity by (x). 
Where the material is insufficient to allow a trustworthy comparison, the space is left 
blank. 

No. XIII isa doubtful case. May be duplicate.: (See above.) 


Again, it must be borne in mind that, exactly as in the case of the 
palmar features, a difference which would be expressed in a formula is 
not necessarily of much morphological importance, since here, as Galton 
shows in spite of his desire to the contrary, patterns do merge into one 
another by various indefinite steps, and one continually meets with a 
pattern so near another type that its classification, even by two experts, 
might well vary. ; 

This can be shown by the finger patterns of No. I, reproduced in 
Plate B and particularly fitted to illustrate this point, since the twins 
from which they are printed are unmistakable duplicates, and since the 
finger patterns show, besides a typical reversal of index patterns, two 
differences of a degree sufficient to affect the formule. 

As nearly as I can interpret and apply the Galton system, the formu- 
lation of these patterns, in the same arrangement as on the plate, would 
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be as follows, making use of descriptive suffixes only in the doubtful 
eases of transition patterns: 


TABLE V. 
Left. Right. 
x y y 
u u Ww u 
w rv u r 
u u u u 
u u WwW Ww 
u u u u a 


Aside from the reversal in the right indices, differences occur in 
the left indices and the right thumbs. The first of these show in the 
formula as w and r’ respectively, that is, a whorl and a radial loop 
forming a transition form towards the whorl type. Galton’s distinction 
between a whorl and a loop rests upon the number of deltas (triradil) 
present, being two in a whorl and one in a loop. When stated, this dis- 
tinction seems obvious enough, but since there are all stages in the 
gradual extinction of a delta (triradius) [see paper by Miss Whipple] 
it is often impossible to know whether one that is disappearing should 
be counted or not. Thus, in the case in point, the left index of x 
certainly possesses two good deltas and is therefore a whorl, but are we 
to consider that in the corresponding pattern of y one of the deltas (the 

right in the print) has disappeared or not? It is well indicated by the 
convergence of the ridges proceeding from the core, and is certainly on 
the way to extinction, but there is at least room for a difference of 
opinion concerning its exact status in its present condition. If it is 
considered as still there, the pattern is a whorl and the two correspond ; 
if absent, the pattern is a loop, and the two differ. Galton himself, usu- 
ally so clear, is rather unsatisfactory on this point, and refers the reader 
to four enlarged prints, two of which he calls loops and two whorls, 
although their differences are extremely slight, and seem almost arbi- 
trary.” 

The pattern of the left ring finger of w presents the same problem and 
I have doubtfully referred it to an ulnar loop after considerable hesita- 
tion. At all events, it is sufficiently similar to the corresponding pattern 
of y to be considered a duplicate, and it would be manifestly misleading 
to place it in the formula as a w, and thus introduce what would count 
as a difference. 


6 Finger-print Directories, 1895, p. 109, and Plate 8, bottom line. 
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The other difference, that of the right thumbs, presents a somewhat 
greater difficulty, but morphologically the patterns are very similar and 
in order to conyert the pattern in a into that in y all that is needed is 
to complete the breaking down of the weaker triradius (the right in the 
print), which has already begun, leaving all other ridges exactly as at 
present. 

The reversal of index patterns as seen in the right hands is a good 
typical example of that frequently recurring phenomenon, and seems to 
occur with too great frequency (four cases out of nine) to be disposed 
of simply as a lack of correspondence lke the rest. The other cases, as 
has been shown, are usually or always those of transition patterns not 
really unlike morphologically, but in this case one pattern is the exact 
symmetrical equivalent of the other, and hardly capable of becoming 
identical by anything less than a complete rearrangement of the entire 
pattern. ‘These reversed patterns may be better studied in the enlarged 
figures of their cores, represented in (a) of Fig. 10. 

As in the case of the palms there is little or no attempt at corre- 
spondence in the minutie, as may well be seen by applying a reading 
glass to the cores of the patterns in Plate B, or by a study of the 
enlarged cores of Fig. 10, which show those 
of the indices, middle and ring fingers of the 
two right hands. The various ulnar loops, 
for example, show several types of Galton’s 
“ Secondary Classification ” without any cor- 
respondence between the two individuals; 
thus the single rod expressed by the descrip- 

ce 

finger, in y-left, thumb and middle fingers, 
and in a-right, middle and little fingers. 
The eyed rod, suffix “ f,’” appears in 2, right 
index, and in conjunction with a single rod 
in, ¢, leti: thumb: The staple; suix. “e7 
appears -n 2-left, little finger, in y-left, little 
and ring fingers, in a-left, middle and little 

nig Who Gareuronene eres fingers, and in y-right, little finger. In all 
terns from set No. I. Compare this there is some little correspondence, as in 


with Plate B. 


(a) Right indices. Note the 1o ( it 7 ; eae 
Tevet. Fig. 10 b, but that it is probably a coinci 


(b) Right middle fingers. ; BS p 
(O Rieh trie fingers: dence appears from the lack of correspond 


ence in the other minutie, as is easily seen 
by a more complete scrutiny of the figure just referred to. 
In close connection with the present subject come investigations of 


tive suffix “i,” appears in a-left, middle’ 
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the finger patterns of twinned fingers in those cases of hyperdactylism in 
which it is probable that the extra digit may be referred to a doubling 
of one of the normal ones, as in a double thumb. I have received prints 
of two individuals exhibiting this phenomenon, in both cases on the 
right hand alone, and have special thumb prints of one of these. I had 
naturally expected, a priort, that the patterns of the two right thumbs 
would prove to be duplicates of one another, but such is by no means 
the case. In this individual the “outer” (external or radial) thumb 
shows a typical radial loop, a rare pattern for a thumb, while the “ inner ” 
(internal) thumb is marked by a simple arch. The left thumb pre- 
sents an ulnar loop. That the supernumerary digit is rightly classed 
as a thumb is shown by its origin, evidently from a common 1st meta- 
carpal, and the two thumbs are united as far as the middle of the 
proximal phalangeal joint, and lie so near one another that the rolled 
prints were taken with considerable difficulty. The pattern of the 
right index finger adjacent to the inner thumb is an ulnar loop. Of the 
other individual with double thumbs I possess only the general print of 
the volar surface of the hand, but in this the inner thumb is turned in 
such a way as to suggest that its pattern, as in the other case, is a simple 
arch. This conclusion is not absolutely relhable on account of the incom- 
pleteness of the print. In addition to the above, five cases of hyper- 
dactylism in which the supernumerary digit is a post-minimus, have 
come under my observation, but as in all of these the extra finger had 
been removed the data obtained were those of the palm alone. 

It would be premature to offer any conclusion based upon a single 
observation, but it may be allowable to point out that the occurrence of 
patterns of distinct types upon the two terminal phalanges of a “ double- 
thumb” contrary to all expectation, is naturally in opposition to all 
theories that suggest a splitting of the anlage, a double set of determi- 
nants or any cause involving a duplication of parts, as an explanation 
of such a phenomenon. If, with Zander, we believe that an originally 
single anlage is split by the tension of amniotic threads, or if, with 
Tornier, we consider one of the thumbs the result of super-regeneration 
from the other, or “ Stamm-individuum,” we must in some way account 
for the total lack of resemblance between the two resulting parts. This 
would seem a fruitful field for investigation, and the comparison of the 
finger patterns of supernumerary digits may lead to interesting results. 

Summing up the results obtained from a comparison of the finger- 
patterns of the two types of twins, they corroborate in general the .con- 
clusions reached from a similar comparison of the palms, although it 
seems as though the correspondences are not of as exact a nature as is 
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the palmar configuration, a fact which may be due to the greater import- 
ance of the individual ridges in the formation of the patterns, and to the 
close morphological interrelation between the four primary types. It 
may be definitely stated, however, in the case of duplicate twins (1) that 
the finger patterns correspond far more completely than in those of the 
fraternal type, (2) that the differences are more apt to appear in the 
thumbs and indices, and (3) that these latter patterns show a strong 
tendency in one hand or the other towards a reversal, 7. ¢., the formation 
in the two individuals of patterns which are the symmetrical equivalents 
of one another. ‘To these conclusions may be added (4) that twinned 
digits in a single individual, at least in the case of double thumbs, do 
not necessarily possess duplicate patterns. 


THE SOLE CONFIGURATIONS IN TWINS. 


As material for this study I have the sole prints of seven sets, five be- 
ing duplicates (I, II, IIT, XII, XV) and two fraternal (IV, VII). 
As far as it is safe to draw conclusions from so small a number they 
exhibit the same principles as those shown by the palms and are in some 
ways rather better for study since they often possess a more complex 
configuration. In general, it may be said that the soles of duplicates 
exhibit the same striking correspondence in main lines and in patterns as 
do the palms, as well as the same tendency to a bilateral symmetry when 
the two sides are compared; also that in fraternal twins there is either 
a striking contrast or else the similarity, at best, is no greater than among 
other members of the same family. 

In detail the observations of the different sets are as follows: 


DUPLICATES. 


I. In these the four soles are all exact duplicates and belong to what may 
be called the simple type, one in which the four main lines and all inter- 
vening ridges cross the inner margin and form no loops or patterns during 
their course. The only pattern present is the 1st interdigital or hallucal 
(the “ thenar” of previous articles) which is reduced to a simple loop open- 
ing upward between the Ist and 2nd toes. There is no definite lower triradius 
on any of the feet, but there are rudiments of one in all, situated between 
lines B and C. 

II. In this set the right footprint of # is wanting owing to a slight injury 
received just previous to the printing and rendering it unwise to attempt a 
print. The comparison is thus confined to the two lefts, but as the remaining 
right, that of y, is the symmetrical equivalent of the others, there is little 
room to doubt that the missing foot would also be a duplicate of the other 
three. The configuration of these soles is rather complicated and as it shows 
with especial clearness the principle expressed in the case of the hands, that 
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of the formative force determining the areas but allowing their relative extent 
to be determined by the stress of growth at the different points, the two left 
soles have been reproduced here, covered by their lines of interpretation 
(Fig. 11). In these it will be noted that of the main lines, D fuses with the 
lower triradius; C curves inwards and opens between digits III and IV 
(or their corresponding triradii); B curves outward, embracing C and open- 
ing between the triradii of digits IV and V; while A differs slightly in the two 
individuals, fusing with the lower triradius in x and missing it by three 
ridges in y. This is the only difference in the main pattern in the two soles 
and may easily be attributed to a slight difference in the ridges, since their 
courses lie at one point so near one another. The hallucal line at the base 


Fig. 11.. Prints of the left soles of twins No. Il. Natural size. The lines of interpreta- 
tion are marked with india ink. 


of the hallux forms a spiral core for the hallucal, or 1st interdigital pattern, 
the general configuration of which is marked by the dotted lines. Both 
in this case and in that of the other pattern, the 3rd interdigital, the 
ridges picked out by the dotted lines are taken arbitrarily, as the only pur- 
pose is to show the general trend of the ridges in the region thus marked, 
and thus no special significance should be attached to their total number 
in either case. The five dotted lines defining the hallucal pattern Oka; 
for example, as compared with the three (or four) in y mean nothing more 
than, perhaps, a slightly greater width to be defined in the latter case, and 
the two that happen to be used in each case to define the loop in the 3rd 
interdigital area are intended to point out the identity in shape in the two 
patterns, with no reference to the number of ridges involved. 

Ill. Tracings of this entire set have been already published in the American 
Journal of Anatomy, Vol. I, p. 437, and exhibit again the same principles as 
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do the previous ones, duplicity of the general patterns in the two individuals, 
and a bilateral symmetry of the two sides. As in No. II, the configuration will 
be found to be almost but not entirely identical, the only difference in the 
left feet being due to a slight shifting of a lower triradius which deflects 
line A in the one case to the outer and in the other to the inner margin. 
in the right foot a digital line, the 4th, becomes recurved and lost in a 
pattern in one individual and not in the other. The remainder of the sole 
is the same in both. 

XII (the boys of the triplet set). The feet are typical duplicates with 
symmetry between the right and left. The commonest characteristics of all 
four are the following: (a) hallucal patterns of the simple loop type, opening 
upward between the hallux and the second toe; (b) broad loops circumscrib- 
ing the 3rd interdigital area; (c) a large lower triradius between the hallucal 
and 2nd interdigital patterns, with radiants running to the inner and outer 
margin, and upward. The course of these latter varies a little, making slight 
differences like those shown in Fig. 11; (d) a curve around the upper border 
of the 2nd interdigital area; this curve is not quite complete in one case. 
Aside from the variation mentioned in connection with the lower triradius, 
the only other one possible is in connection with the appearance of a hypo- 
thenar loop in one case (Y-left). The prints, however, do not prove that this 
is not present in the other cases as well, since they are not rolled, and this 
pattern is usually beyond the limit of an unrolled print. 

A comparison of the girl with her brothers is interesting, and shows the 
same decided lack of correspondence as in the palms (Figs. 8 and 9). The 
soles are of the smooth, featureless type, and consist of oblique, approximately 
parallel ridges without loops, curves or lower triradii. A rudiment of one of 
the latter may be made out in the right foot. In the left foot there is a 
pronounced calcar loop on the inner edge of the heel. 

XV. The sole patterns are typical duplicates with no essential variations 
in the curve of the main lines nor in the types of the hallucal patterns. 
In the left feet there is a large and conspicuous lower triradius, whose radi- 
ants extend outwards, upwards and inwards, across the entire ball. In both, 
the upper or ascending radiant pushes up between the hallucal pattern and 
the outer opens at the margin just below the origin of line D. Lines B 
and C curve around a large 3rd interdigital loop, passing each other in the 
same relation in each case. Lines A and D meet and fuse. The hallucal 
patterns are spirals, formed by the hallucal line and directed toward the inner 
margin. The configuration of the right feet is almost a duplicate of the above, 
and the two are exactly in accord with one another. In these line D fuses, 
not with line A, but with the outer radiant of the lower triradius, and line A 
passes within the loop thus formed. The 3rd digital line in both becomes 
recurved, forming a loop about the upper end of the 2nd digital area. In one 
point alone the two right soles show a difference, and that is in the presence 
in x of an extra upper triradius between digits II and III, but as it appears 
at the very margin of the print, and is barely included at that, it is more 
than probable that a similar triradius is borne by y a little higher up and 
just beyond the limit of the print. The hallucal patterns are spirals formed 
by the hallucal lines and are the symmetrical equivalents of those in the 
left feet. 
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FRATERNALS. 


VII. These prints are fairly similar, as, it may be remembered, their per- 
sonal appearance is also, all of which may be correlated as a common inherit- 
ance in which they both have shared, inheriting similar qualities, or a similar 
combination, affecting all parts of the body. In this connection it would 
be interesting to note how great may be the tendency towards similarity in 
palms and soles between two children of different births who closely resemble 
one another in appearance. 

In detail, the left feet are alike in the hallucal patterns, which form in 
each case a simple loop; and in the general course of the main lines. There is, 
however, in y an important 2nd lower triradius, the two upper radiants of 
which form a broad looped pattern on the 3rd interdigital area, all of which 
is absent in x, or suggested merely by a convergence of ridges in the position 
of the missing triradius. In # the 2nd digital line curves downward, enclos- 
ing the 2nd interdigital area, while in Y this line is normal and the 3rd 
digital line curves upward. 

In the right feet the hallucal patterns are as in the left, but the relations 
of the first three main lines become very different through the presence 
of a 1st lower triradius in y, wholly absent in x. Both have a looped pattern 
upon the 3rd interdigital area, but the relation to it of the main lines is quite 
different in the two. 

As these details are hard to follow without diagrams, they may be sum- 
marized in the statement that the soles are quite similar to one another 
in general appearance, but possess much greater difference than has yet 
been observed in either palms or soles of genuine duplicate twins. 

IV. These prints are totally different in every respect; in the general shape 
the feet of x are long and narrow, while those of y are shorter by 1.4 cm. 
and much broader. I have never seen the individuals from whom the prints 
were taken, but am informed that they bear little or no resemblance to each 
other. 

The sole configuration is of much interest, being as different in the two 
individuals as was to be expected from the other data. This is seen most 
strikingly by a comparison of the hallucal patterns. In sz the patterns on 
the two feet correspond, presenting the rather uncommon type of a loop 
that opens upon the inner margin, enclosed by the incurved hallucal line; 
in y the two are very different from one another and from those of 2, that 
on the left foot being a spiral with two triradii and that on the right a simple 
loop that opens upward between the first two digits. The remainder of the 
foot in y is perfectly featureless, its ridges crossing the base of the foot 
cbliquely, and with a slight convergence towards the inner margin; in each 
foot of y there is a conspicuous rounded loop over the upper end of the 3rd 
interdigital arch in which the 2nd digital line participates, and in the right 
foot there is a hypothenar loop. 


By this comparison it is seen that the complete lack of correspondence 
in the soles is in perfect accord with the other data, the palms, the 
finger patterns, and the personal appearance. 


i 
Or 
CO 
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PHYSICAL MEASUREMENTS OF DUPLICATE 'T'WINS. 


The physical measurements are far less determinative than are the 
other characters employed since they are lable to fluctuations through 
numerous causes, both external and internal, and it could hardly be 
expected that the similarities here would be very striking. 

There is often, however, much correspondence in the events of lfe 
since, while children at least, duplicate twins are usually closer com- 
panions than in the case of most children. Such twins almost uni- 
versally use the pronoun “ we” when referring to themselves,’ or when 
relating past experiences, and one young lady, a duplicate twin, con- 
fessed that she never felt like kissing her twin sister, on the ground that 
the latter did not seem like a distinct person. Cases are common in 
which duplcate twins are affected by the same diseases at the same 
time and with about the same result, and I know of two little twins 
with straight hair, who experienced typhoid fever together, after which 
their hair came out curly in each case. This constant and close com- 
panionship and participation in mutual experiences would naturally 
tenfl to a uniform development in each up to the period of adult life; 
but from this point on, in the majority of instances, the twins separate 
and the varied experiences to which they then become subjected usually 
produce more or less marked differences in their later physical de- 
velopment. 

Physical statistics, then, in order to be of value, should be taken 
during the younger life, or at least before there is any marked difference 
in experience, and in the four cases here presented (Table VI) these 
conditions are met with, as they are all those of young people, the age of 
each at the time of measurement being designated in the table. The 
Roman numerals are those of the sets in my collection as used else- 
where in this paper. The capital B, placed at the extreme left, desig- 
nates a measurement as one that is employed in the Bertillon system. 
The measurements are in millimeters. In the next to the last line, 
under the item Weight, I, II and III are given in pounds, VI in kilos. 

These statistics show that in twins of the age here represented there 
is quite a little difference, both in girths and lengths, although, as may 
be expected, there is a greater difference in those which depend upon 


‘This form of language, almost as distinctive, when used habitually, as the 
“thee” dialect of the Quakers, is well shown by the following extract from a 
letter from one of the sets in reply to a request for prints: “Our brother 
told us that we might hear from you and we were interested in your articles 
and shall be glad to take some prints of ourselves.” 
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TABLE VI.—MEASUREMENTS OF FOUR SETS OF DUPLICATE TWINS. 


Designation of Measurements. I | II TII | IV 
\ : i | 

Age when measured..... } 21.1 | yoitaat | ale al aver el Le OF se 7elO | egal jiali7/-alal 
EMeeeren b. 2-55 2 bs b200 eee | 1668 |1682 | 1671 | 1656 | 1632 | 1631 | 1734 | 1740 
Horizontal length.......| Boos Were eel ee cos eran an .. || 1760 | 1760 
Height, sternum........| APA eee ane ei - af .. || 1409 | 1422 
“6 INEKEN Sa ganancec ieee P| ek SEme | wath Se .. || 1038 | 10380 
peme © pubes) ..<.):: 4.ascu | eel asl Eee FAN 82 fe 877 | 884 
B 6 SIUCIN De hoeeeraeeh oe WEN IP Vis Beret allt) Seieue 56 (ll) tehSX0) 900 
SMMBEIIM Cs: 5 /...1072 Soee Ieee & ads ora a ee .. | 494 | 490 
(Gnas NAG oaaoacggnaac See st anh akoe ac ae 570 565 
13! NS ae aE oe ane: Cat eae || Wewaat | | 839 | 3850 


“chest, repose......| 750| 758 | 700| 720] 745| 752] 825| 890 


fou chest, full...) eS200) i826) evo 762 807 820 870 930 
GE ei all oe meson cscsc | %20 705 600 | 635 620 630 | 

66 = Dulraip senile es all 758 | 750 || 660 685 | 695 703 || are 
MCRMENUELS Ess, 2, cca haps revenate | 624 582 590 598 560 550 712 730 
RCM MOILULID Sto srooveus eie,lei/one |} 932 ; 952 | 865 | 905 915 | 9380 852 870 
GE AeA SG oon | 512] 466 475 | 510 495 520 491 510 
left thigh........ | 510} 461 470 512 495 502 | 490 500 
Co Tela Noe Gedo] ot of 32 46 i¢ .. | 3840] 352 
bee lett kiee.. 2's). 2< ere a Reta ea edly |linestc ls Les ile BOL ves 
OG ifn, CENbtp Soc aden | 823) 331] 38380 338 335 322 | 342 350 
GG Weta Mba Sogo 320 | 327 | 335 | 340 SION) colle | soom sop 
COmerichtunstepesaser eee Mh ate lee ai .. || 245 | 245 
CS PLELMNSTED a aanier | Wate |More tale eer Wie wes | 249 250 


‘“¢ 6yight upper arm..| 250 | 246 225 240 245 244 | 240 240 


loodior) 


‘© left upper arm....|| 245 | 243 | 230 | 240 | 234 | 248 | 2382) 235 
Cee Tent CLD OW 5, ce. ln eee ee a ae ae .3 || 230 | 280 
“© left elbow........ (Ne Se i : i Be .. | 240 | 227 
“right forearm....| 243 | 244 | 225 | 227 | 219 | 222 255) 255 
‘© left forearm...... | 289] 288 | 282] 227] 246 | 215 | 240 240 
eS aiekiby Wrist: ne. I seat Nee ei ee es vee) LOS 265 
te pclefitiwrists . oils<- Nines atce Pr ae codon mab eta phe ba uf .. || 160 | 160 
Mepth, Chest): | coe cleice: | 172] 170] 188) 150] 171) 162 ae 
te -abdomens..54. .. | 65°)" 278) | aaa) 122° |) 123°) 120°) =. * 
BeeePrendtlic Heads; s.ccaeac oxi) ce tel eee prin Fe .. | 150] 154 
OG Nal Saabs Secon \ lier at we sy Bs we i ees) lait 
tes eo phoul@ers).o-i%).< 5 | 374| 367 || 357 | 362 | 829] 344 | 395 | 425 
cot MIpplesia.\coeters oc PRPS ele betel Allene er me be 185 | 185 
COD WAS Giants sim or sie | 190] 197 | 191.9} 189 |} 162 | 164] 247 | 254 
be PRED Reheat Sites | 307 | 316 | 822 | 328 | 268] 278] 308) 322 
Length, right shoulder| | 
elbows sass se | eae allel scree hte i Ee at a 377 | 366 
‘© left shoulder elbow... Reh |) red tle i .. | 364] 356 
«« right elbow tip....| .. = a ‘ Be .. | 462 | 464 
B Cope Lt vel OWs tiple crer Neoes ore Be 56 ae 36 463 | 454 
te emeshit OO. < 42). cosh He diel heces ae He os 262 | 255 
ROME PaO ten. ass: Nee tae ills che oe be cee 260) 256 
Niretcht of armigie acne a ore a Ae ‘ os 1784 | 1770 
Serene thes ackeeaecy ec 60 60 | 65 75 MOSK kOe lod ale 0 
Ca) CHEB teense wear 28 22 28 | 34.2 || 28.2 | 26 OB ae 
CS TOR Be 5 rare ree a | 70 #0 || 105 | 102!) 115.) 405 | 175) 175 
ae right forearm....|| 27 23 26 25 26 26 38 42 
he = ileft forearms... 2. 28 18 21 19 21 22 36 32 
Capacity of lungs....... 1.50 | 1.45 | 1.40 | 1.60 | 1.55 | 1.63 | 3.85 | 4.55 
otal strengthen. 1-06 ob $6 56 me ae ae 404 | 479 
WiciBnb ee eee ness Xa; Tis) 1175 LOT 11S | 118" | 114. Sy See) | 58-38 
Pilgeity ve ca hae eine Cs ped sue sae a ’ “4 2.2. Wieder 
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the soft parts than in those dependent upon the skeletal parts. Even here, 
however, there is some difference, as in the standing height, which dif- 
fers respectively by 14, 15, 1 and 6 mm. The difference in breadth of 
head in No. VI is of interest, since the skull would be but little affected 
by environment, and it would be a matter of great interest if we could 
have the breadth in the other cases and the length in all, that a compari- 
son might be made of the cephalic indices. The marked difference in 
chest girth in No. VI would seem to point te a differing degree of 
interest in athletic sports possessed by these young men, but the differ- 
ence in this item appears to be considerable in the other cases also, and 
is correlated with a variation in the breadth of shoulders save in I, 
in which the difference is on the wrong side. Unexpected differences 
are found in such items as the length of feet and the length of cubitus 
(Jeft and right elbow tips) in No. VI, since they are based on skeletal 
parts. The variations in girth are more to be expected, as they are 
easily influenced by varying causes, such as amount of exercise, condi- 
tion of the digestive organs, etc. 


SUMMARY. 


As this paper has drawn so largely on previous work and, in the ex- 
position of its theories, makes use of so many facts and principles that 
are already well known, an attempt will be made here to separate these 
from the immediate results of the present investigation, and to that 
end I will divide this summary into two parts, in the first of which, 
headed “ Results,” I will state the essential points of my own investiga- 
tions, and will follow this by the ‘“ Conclusions,” in which I will attempt 
a condensed statement of the theories held by this paper, without refer- 
ence to the sources from which the material has been derived. It should 
be emphasized that the “ Conclusions” cited here are not stated as facts 
already proven, but as the various parts of a working hypothesis seem- 
ingly consistent with the facts so far as known at present, and intended 
to suggest farther speculations in this field. 


I. RESULTS. 


1. My material has been derived from sixteen sets of twins and two 
sets of triplets, and includes: 

a. Complete palm and sole prints of one set of triplets. 

b. Complete palm and sole prints of six sets of twins. 

ce. Palm prints of nine other sets of twins. 

d. Rolled finger prints of seven of the sets of twins; dabbed finger 
prints of the remainder. 
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e. Physical measurements of three of the above sets of twins and of 
one set of which I have no prints. 

f. A photograph of a set of triplets. 

2. The prints allow themselves to be classified in two distinct groups: 

a. Those in which the main lines and other features of palms, soles 
and finger prints correspond to a remarkable degree. 

b. Those in which the features just named show no greater similarity 
than in any two brothers and sisters of distinct birth, or between indi- 
viduals not related. 

3. These correspondences (those in the first group, 2a) are limited 
to the course of the main lines of interpretation, and to the type, posi- 
tion, etc., of patterns or other macroscopic peculiarities, allowing some 
latitude in the relative size of the various areas. There is no corre- 
spondence in the characters of the individual ridges (the minutie of 
Galton). 

4. In the case of the finger patterns the correspondences are subject 
to the following exceptions: 

a. The patterns of the index fingers are frequently different from 
one another, a condition occasionally met with in the thumbs, and once 
(in the present investigation) in the middle fingers. 

b. In almost 50 per cent of the cases of general correspondence 
examined (4 out of 9), the patterns of one of the indices, either right 
or left, are of the same type in the two individuals of the set, but are 
exactly reversed, being the symmetrical equivalents of each other. 

5. In the case of the palm and sole configuration, where there is a cor- 
respondence of main lines and other features, there is also usually, 
though not always, an approximate or exact correspondence between the 
markings of the right and left side, a relation which oceurs occasionally 
in an individual not of multiple birth, but infrequently. 

6. This correspondence in the configuration of the friction-skin of 
hand and feet is in all cases (with the exception of No. XIII) corre- 
lated with that marked correspondence in the physical appearance, in- 
cluding the facial features, which constitutes the type of twin com- 
monly known as “ identical,” here called “ duplicate”; where, on the 
other hand, there is a lack of correspondence in one of these details, 
there is in the others also. These latter are called here “ fraternal ” 
twins. Out of sixteen sets of twins examined, nine sets of duplicate 
and six sets of fraternals exhibited the above principles in detail, and of 
a set of triplets, which consists of two boys and a girl, the boys were 
typical duplicates, while the girl, as related to the bovs, was fraternal. 

?. In set No. XIII, although the two individuals closely resemble one 

33 
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another, the details of the palms and soles do not wholly correspond. 
There seems at present no very satisfactory way of explaining these, 
unless it be to consider them (1) as true duplicates, and allow the 
possibility of some lack of correspondence in the friction-skin configura- 
tion, or (2) as fraternals that chance to look very much alike. Of these 
alternatives the second is here considered the more probable. 

8. Physical measurements of four sets of duplicate twins between 17 
and 21 years of age show that they are not identical in size, although 
the variations are for the most part shght. Differences that depend 
upon skeletal parts are less than those depending upon the soft parts. 


II. CONCLUSIONS. 
A. On Twins AND THEIR RELATIONSHIP TO DoUBLE MONSTERS. 


1. Twins belong to two types, duplicate and fraternal. 

2. Fraternal twins result from the simultaneous ripening and conse- 
quent fertilization of two separate eggs, and are thus as distinctly differ- 
ent as are any other two children of different birth. They may be of 
the same or of different sex; each develops within a separate chorion and 
possesses a separate placenta; they may or may not resemble one another ; 
the palm, sole and finger markings do not correspond. 

3. Duplicate twins are the result of the total separation of the first 
two blastomeres of a single egg, the product of the first cleavage, and 
therefore possess an identical germ plasm. They are invariably of the 
same sex; they develop within a common chorion, but possess each a 
separate umbilical cord attached to a common placenta; they greatly 
resemble each other, usually to the point of confusion; the palm, sole 
and finger markings correspond in detail as far as but not including the 
minutie. 

4. Symmetrical double monsters (diplopagt) are closely related to the 
last, and result from a partial, instead of a total separation, of the first 
two blastomeres, the separation being sufficient to cause a loss of con- 
tinuity and hence of relation, over a greater or less extent of surface. 
The components of such monstrous births are the physical duplicates of 
one another, and will doubtless be found to correspond in regard to 
palm, sole and finger configuration, as do separate duplicate twins. The 
double monsters of which we have authentic record are sufficiently num- 
erous and diverse to represent every stage from that. of an otherwise 
normal individual. with a doubling of certain of the median parts to 
that of two complete duplicate twins with a sight connection between 
them. 'They may also be arranged to represent several developmental 


 - - 
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series’ differing geometrically from one another and corresponding to 
variations in the place of separation of the first two blastomeres, or in 
their relative position. 

5. Unequal double monsters (autosite and parasite) are the result of 
a secondary fusion of two embryos, owing to a too great contiguity. It 
is probable that these are at first duplicate twins, the enclosure of which 
within a common chorion would furnish the crowded conditions neces- 
sary for such a fusion. 


B. On THE ARCHITECTURE (PROMORPHOLOGY) OF THE OVUM. 


1. The normal mammalian egg, at least from the beginning of cleay- 
age, possesses a definite architectural plan, having a fixed relation to 
that of the adult body. It seems probable that this plan is bilateral, and 
that, as in the frog’s egg, the first two blastomeres are right and left, 
and become the progenitors of the two sides of the adult, except that 
here they must give rise also to the two halves of the chorion and other 
extra embryonal parts. 

2. A change of relationship in the early blastomeres will modify the 
development of each, as has been shown experimentally in the case of 
lower animals. In changes affecting the first two blastomeres, we may 
draw the following conclusions: 

a. When they remain together in the normal position, the mutual con- 
tact upon the inner sides causes each to develop as a bilateral half. 

b. When they separate and the inner sides, once in contact with each 
other, become external, 7. e., placed in the same relations as are the other 
sides, each will develop the other half body as in the case of the entire 
ovum, and produce duplicate twins. This shows that the power to 
develop an entire organism when placed in the proper relations is re- 
tained by each of the early blastomeres up to a certain point, as has been 
proven experimentally to be the case in numerous lower animals. 

c. When a separation of the first two blastomeres is incompletely 
effected, the parts that lose thé contact relations develop independently 
as parts of entire individuals, while the parts that remain in normal 
contact develop each a half as usual. The various possibilities of partial 
separation give rise to the various types of symmetrical double monsters 


(diplopagt). 
C. ON THE COMPOSITION OF THE GERM-PLASM, AND THE S1ZE-LIMIT 
oF HEREDITARY CONTROL. 


1. It is undeniable that the facts presented in this paper point to some 
form of preformation, that is, to a mechanism in the nucleus of the 
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fertilized ovum which controls the development down to considerable 
detail. If the premises concerning the genesis of duplicate twins are 
true, we have given us by nature the convincing experiment of the sepa- 
rate development of two identical eggs, containing identical bits of germ- 
plasm, derived from the same original male and female germ-nuclei. 

Indeed, we have for comparison the control experiment of the develop- 
ment of two different eggs simultaneously in the same uterus and under 
identical conditions, with results as different as might be expected from 
the premises, showing that the correspondence in the one case and the 
lack of it in the other are both based upon the composition of the germ- 
nuclei and are in no way affected by subsequent conditions of develop- 
ment. 

2. Concerning the correspondence of palm and sole patterns in the 
various sorts of twins (and triplets) the present investigations have 
yielded the following results: 

a. Out of ten sets in which the physical resemblance was sufficiently 
remarkable for them to be considered duplicates, nine corresponded so 
completely in the palm patterns that out of 104 points compared (main 
lines, triradii and patterns) 94 were exact duplicates, and of the ten 
differences, two were probably due to an incompleteness in the print, 
while the remainder were very slight and usually due to an aberrancy in 
a single ridge. The tenth set (No. XIII) did not correspond. 

b. In seven sets of twins that did not resemble one another (including 
the girl triplets as compared with the boys), there was no more corre- 
spondence between the palms of the two individuals than is usual in 
members of the same family. 

c. The study of the sole prints of seven of the duplicate and two of 
the fraternal sets (all that I have) yielded the same results as in the 
case of the palms. 

d. The finger patterns of duplicate twins are very similar, but in 
place of exact correspondences there sometimes occur patterns which 
are easily derived from one another but which would have different 
formule in Galton’s system. The differences of this kind are especially 
apt to happen in the index fingers; they sometimes occur also in the 
thumbs, and have been noted once in middle fingers. 

e. In the case of duplicates the following additional phenomena have 
been observed in the majority of cases, but are not universal : 

(1) A bilateral correspondence in the two palms or soles of each indi- 
vidual of a set. 

(2) A reversal of the finger patterns in either the right or the left 
indices. 
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(3) Differences occur much more frequently on the left side. 

3. The influence of the germ-plasm and its mechanism (1. é., the direct 
control exercised by heredity) is exerted upon the friction-skin surfaces 
only so far as concerns the general configuration, 1. e., the main lines, the 
patterns and other similar features; the individual ridges and _ their 
details (minuti@) are apparently under the control of individual mechan- 
ical laws to which they are subjected during growth. Have we then 
arrived at the limit of the control of the predetermining mechanism 
beyond which mechanical laws are alone operative; and 1s it then possible 
to hold that the modifications in this latter field are the results of indt- 
vidual experience, and that they are similar in the various members of 
a given species solely because of similar environment? To these and 
similar questions we can have no answer at present; yet it seems hkely 
that in the general subject of palm and sole markings, not only in man 
but in other mammals as well, we have a set of easily observed and very 
significant data which may yield important results to future investigators. 
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For many years the general outline of the embryonic history of Hylodes 
Martinicensis has been known. Since the early seventies, it has been 
described as the West Indian tree-frog, with no aquatic tadpole stages, 
but with an embryo developing within the egg membranes as far as the 
adult form,—the embryo being provided with a large supply of yolk food, 
being devoid of gills, but with a. highly vascular and, therefore, it was 
believed, respiratory tail. I am fortunate in having at my disposal ‘a 
good series of the eggs of Hylodes, from which I have studied the develop- 
ment in more detail. 

I am glad to take this opportunity of acknowledging my indebtedness 
to Professor T. H. Morgan for the material which he has collected and 
obtained from others at different times, and for his help and sugges- 
tions in the work. 

The eggs that I shall describe were collected by Professor Morgan 
and Dr. Conant during two or three seasons, in the month of July, 
on expeditions of the Marine Laboratory of the Johns Hopkins Univer- 
AMERICAN JOURNAL OF ANATOMY.—VOL. III. 

34 


474 The Embryology of Hylodes Martinicensis 


sity to Jamaica. The eggs were found at Bog Walk, on Blue Mountain 
Peak, and at Port Antonio. On Blue Mountain Peak they occur at a 
high elevation (about 6000 feet) in very damp localities, where the rain- 
fall is very heavy. 

Andrews, 92, reports that “these tree-frogs are found all over the 
island; at Port Antonio the breeding season seemed to be past July 20; 
while at Manchioneal, specimens with very large ovarian eggs were taken 
July 24.” 

I wish also to thank Mr. E. L. Griffin for a set of eggs collected at 
Cinchona (an elevation of 5100 feet). 

The eggs are found imbedded in a clear gelatinous substance, in masses 
of about an inch in diameter, under loose stones or logs. During their 
development, the adult frogs are to be found near them. It appears, 
from the preserved material, that, in young stages at least, all the eggs 
of a mass are uniformly advanced in development. 


I, EXTERNAL CHARACTERS. 
1. SEGMENTATION. 


The segmentation stages that were obtained are sufficient to show the 
general character of the division of the egg. In spite of the large quan- 
tity of yolk, the segmentation is holoblastic. The first furrow usually 
divides the egg in half, and the second comes in at right angles to the 
first (Plate I, Fig. 1°), but in one egg the first furrow has cut off not 
more than one-third of the egg from the rest. I have a number of eggs 
in the two-celled stage in which the second furrow is deeply marked on 
the upper pole, but extends only about half way around the egg (Figs. 1 
and 2). I have no eggs that show how the third furrow comes in, or 
whether it appears before the second furrow is completed. In later 
stages the upper hemisphere divides more rapidly than the lower, as 
shown in Figs. 3 and 4. It has recently been found in the large egg of 
Desmognathus fusca, with a segmentation similar though even more un- 
equal than that of Hylodes, that there is no equatorial furrow; nor is the 
third furrow equatorial in Triton cristatus, or constant in Salamandra 
maculosa. Later stages of Hylodes (cf. Figs. 3 and 4) show the smaller 
cells at the animal pole, the larger, yellower, more yoke-laden cells at the 
other pole. The next link in the history (Fig. 5) is the stage where the 
bastopore is closing in over the yolk-plug. 


* The figures on the two plates are indicated by consecutive numbers, while 
text figures are marked by a letter of the alphabet. 
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2. EMBRYONIC STAGES. 


Among the embryonic stages, I have material fcr a more complete 
history, especially in the later development, than the egg-stages have 
shown. For convenience in naming the stages, I have numbered them 
in order, although, owing to some breaks in the series, consecutive num- 
bers do not represent equal advances in development. Since the ages of 
the preserved eggs are not known, I have compared the eggs with figures 
of embryos that were watched during development, and whose age was. 
noted. The comparison shows that stages VI, XIII, XIV, and XV, 
correspond nearly with the embryos under observation which were labelled 
“7-8 days, about 12 days, just hatched, one hour old.” As I have indi- 
cated, the former accounts of Hylodes have shown that the tree-frog 
at no time exists as a free-swimming larva, but that it develops enclosed 
within a membrane, which is not ruptured until the frog has reached a 
stage essentially like the adult, though sexually undifferentiated. When 
the gelatinous secretion about the preserved eggs has been removed, the 
vitelline membrane is found to be a tough transparent envelope through 
which the embryo can readily be seen. The eggs are of great size owing 
to a large amount of yolk, and are at first unpigmented. As the small, 
colorless embryo develops, it encircles the yolk more and more, while, at 
the same time, the yolk diminishes in quantity. 

In stage IV (Figs. 8, 9), the diameter of the egg preserved in alcohol 
measures a little less than 3 mm., and the embryo is about one-half the 
length of the circumference. Both pairs of legs are present as knobs 
at the sides of the embryo; the tail also is scarcely more than a knob, 
although slightly lengthened and turned to the right or to the left side. 
In this stage the tail usually covers the anal opening, though the pos- 
terior rim of the anus still shows on the side from which the tail is 
turned away. The primary divisions of the brain are seen, the auditory 
vesicles are very distinct, and the optic cups are discernible. The embryo 
lies flat upon the egg so that its contour is scarcely raised above the 
level of the yolk. In stage III, the tai] and legs are shorter than in 
stage IV, and on either side of the neck of the embryo are four deep 
parallel grooves, the ectodermic depressions which le opposite the vis- 
ceral pouches. In stage II (Fig. 7), the anus is seen at the posterior 
extremity of the embryo, and the tail is not formed, but the rudiments 
of both pairs of legs appear at about this stage. The optic vesicles show 
as diverticula from the brain. In stage I (Fig. 6), the blastopore is just 
closing, the divisions of the brain are not seen, but the head end of the 
embryo is broader than the trunk. 
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As development advances beyond stage IV, the legs of the embryo 
elongate, the area of the tail increases, and the brain and sense organs 
are further differentiated. At about stage VI (Fig. 10), pigment appears 
at isolated points over the dorsal surface of the embryo and in a dermal 
fold which covers the base of the anterior legs. 

In stage IX (Plate II, Fig. 11), the eyes are large and heavily pig- 
mented. The olfactory pits are plainly seen in an anterior view of the 
‘head, and are so far apart as to show from the side. The anterior legs 
lie close to the head (reaching well to the middle of the eyes when looked 
at from above). They are covered to the foot by the pigmented dermal 
fold. In some views, the outlines of toes can be seen. The tail is nearly 
twice as long as the hind leg, and is spread out under the egg membrane 
in a thin vascular sheet. The axis of the tail divides it into more or less 
unequal parts, the part lying towards the head end of the embryo being 
smaller than that lying on the opposite side of the axis. The tail is not 
pigmented, but the pigment in the embryo has increased in density, and 
is extending over the yolk. 

Between stages IX and XII, the egg as a whole increases in size, and 
the embryo manifestly develops at the expense of the yolk. It is possible 
to see the increasing complexity of the brain until a period when the 
pigment renders the skin opaque. The fore-legs, as they imcrease in 
length, grow around the head (meeting ultimately under the chin), and 
the dermal fold, by which they have been partially covered, recedes. The 
hind-legs grow around the yolk, until they almost touch the fore-legs, 
and the fingers and toes become jointed and provided with suckers. The 
area of the tail increases. By the time stage XII (Plate II, Fig. 12) is 
reached, the embryo with the exception of the tail is uniformily though 
not deeply pigmented ; in the tail, there are only a few scattered pigment 
cells. The lower lip, or rather the chin, is very thick, so that the head is 
less flat than before; on the upper lip is a single median black horny 
protrusion or beak. 5 

In stage XIII (Plate II, Fig. 13), the frog no longer appears to be 
encircling an egg, but what yolk remains is incorporated in the body. 
Near each thigh is a pale triangular area, raised slightly above the sur- 
rounding surface. This is seen again in XIV (Fig. 14), where similar 
raised patches show on the sides of the neck. 

The embryo in stage XIV has hatched, and looks like a somewhat bloated 
miniature adult frog. It measures 2.3 cm. in length; the adult frog 
measures 5 to 6 mm. The boundaries of the lymph spaces appear as 
pale lines in the skin, forming two seams on each side of the embryo 
and a triangle around each fore-leg, joined by two seams near together 
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across the ventral surface. The chin is still very thick, and the hard 
tip of the upper lip persists. The tail is leaf-like and of considerable 
size, though much smaller in proportion to the body than in previous 
stages. The earlier observers record that the tail disappears during the 
first day, or even within a few hours after hatching. The pigment of 
the embryo in stage XIV is much denser than in preceding stages, but 
is not arranged in the pattern characteristic of the adult. 

Stage XV differs externally from XIV in that the tail is reduced to a 
small thick knob. 

If Hylodes be compared in external appearance with most of the forms 
of the group to which it belongs, with Rana, for example, it is seen to 
differ from the outset and throughout the immature stages much more 
than in the adult stage. The egg differs not only because of its great 
size, but in the absence of pigment. When the embryo of Hylodes first 
appears, it is curved ventrally, like the embryo of a Ganoid, over the 
bulky yolk, and obviously never has a dorsal flexure. When it begins to 
show its true affinities, it resembles, in the shape of the head, in the 
prominence of the eyes and in the presence of all four extremities, the 
frog stage of Rana, rather than the larval tadpole. Only the holoblastic 
cleavage and presence of the tail betray its relation to the larval form. 
In short, the usual Anuran metamorphosis is replaced in Hylodes by a 
direct development. The same fact is borne out by the internal characters. 


II: ORGANOGENY. 


The organogeny has been studied to some extent from dissections, but 
for the most part from sagittal and cross sections. In so-called “ cross 
sections,” the embryo, on account of its curvature about the yolk, is not 
everywhere cut transversely; the preparations have purposely been cut 
in various planes through the lateral axis of the egg, in order to get 
transverse and horizontal sections of different parts. (The left side of 
the figure is in each case the right side of the embryo.) 

Owing to the large quantity of yolk in the younger embryos, it has 
been difficult to prepare good series of sections. Eggs killed in Perenyi’s 
fluid are more readily saturated with paraffin and cut better than those 
killed in picro-sulphuric acid or picric alcohol, but the most satisfactory 
preparations have been obtained from specimens preserved in a fixative 
containing picric acid and (after dehydration) left in cedar oil for about 
12 hours, in cedar oil and paraffin about 5 hours, and in paraffin ( at a 
melting point of 49° C.) about 8 hours. The sections can be cut of any 
thickness from 5p upwards. They were stained on the slide, because it 
is difficult to orient the embryo in the microtome after surface staining. 
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liggs that are well preserved in formalin, make fairly good sections and 
can be readily cut after two or three hours in paraffin. 


1. ORIGIN OF ORGANS. 


My material is insufficient to more than suggest a few points in regard 
to the origin of the organs. 

Sections of an egg of the stage of Fig. 5, showing the thick lips of the 
blastopore and the large yolk plug, and sections of a later stage, where the 
yolk plug is reduced and receding, are similar to sections of the corres- 
ponding stages of Rana. In sections of stage I (Fig. 6), the neural plate 
is solid, recalling the condition in Teleosts and bony Ganoids. 

The notochord appears in a few sections in the posterior region of an 
embryo of stage IT as an evagination of the dorsal wall of the archenteron 
(Fig. A, n) and the same 
condition is indicated in 
younger eggs. Anterior to 
the section shown in Fig. 
A the entoderm is continu- 
ous over the archenteric 
cat Race Beane ea oF iaee K hough the nae cavity, ventral to themnaig, 
notre ac, archenteric cavity; n, notochord; y, chord, but posterior to this 

section the entoderm does 
not appear to be continuous ventral to the notochord.” 


2. DIGESTIVE TRACT. 


a. Alimentary Canal.—In stages midway between the first and last of 
the series, the chief organs derived from the archenteron are definitely 
established, and the alimentary tract is clearly divided in relation to the 
yolk-mass, into three regions, anterior, posterior and middle (see Fig. F). 

At an early stage, the broad low archenteric cavity is continuous from 
one end of the embryo to the other (stage II, Fig. B1, ac). The floor 
of the cavity is the enormous yolk-mass, which is met abruptly at the 
sides by the thin roof of entodermic cells filled with yolk. 

In the same stage (II, Fig. B1), the mesoblast is beginning to separate 
into splanchnic and somatic layers; as the process continues and the 
celom (Fig. B1; 2 be) increases, the lumen of the archenteron becomes 
narrower (Fig. B2, ac), and in the middle region it is completely oblit- 


*Cf. Bufo lentiginosus, where the conditions are similar, except that one 
layer only is contributed by the chorda-entoderm to the notochord in the 
middle region of the embryo.—King, 03. 
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erated when the splanchnic layers of the two sides have met and form 
the mesentery which suspends the now solid yolk-mass (Fig. B3, m). 
After stage V, the yolk-mass in this condition occupies the region of the 
embryo between the more differentiated anterior and posterior portions of 
the gut (Fig. F, stage VI, cf. Fig. C, stage VIII). 


Fria. B. Cross sections of three stages, to show the fate of the archenteric cavity. 1, stage 
II (drawn to smaller scale than 2 and 3); 2, stage lV; 3, stage VI. ac, archenteric cavity 
be, body cavity; da, dorsal aorta; m, mesentery; ma, mesenterial artery; pev, posterior 
cardinal vein; pve, posterior vena cava; Wd, Wolffian duct; y, yolk-mass. 


There are no intermediate stages between I and II to show the fate 
of the blastopore and the history of the anus. In the posterior region of 
an egg younger than stage I, before the notochord is formed, and in stages 
I and III, posterior to the notochord, there appears a dorsal evagination of 
the archenteron, which suggests the neurenteric canal, though not actually 
traced into the neural tube in the stages in which it is hollow. In stage 
II the anus is formed, and in IV the differentiation 
of the hind-gut is in progress. The lateral walls of 
the posterior part of the broad low archenteric cavity 
covered by the splanchnic mesoderm fold under until 
they meet over the yolk-mass (Fig. D1, 2, ac, g). 
The process of infolding appears to take place from 
behind forwards. forming a tube that opens posteriorly PG: 9. Oe aes OF 


an embryo of stage 


2 c 5 3 s VIII, after the embryo 
by the anus, and anteriorly is continuous with the has been taken away, 


. : seen from the dorsal 
archenteric cavity of the middle region. Thus the side, to show the rela- 


cloaca, the portion of the gut from the anus to the HorPetwern the vor 


opening of the Wolffian ducts, is established, and f2* Ano Posterior fur: 
through all stages retains its lumen. Bulbs Jy SOUerer, 
As the cloaca is formed, the lumen of the archenteron is being obliter- 


ated in the middle region, and in later stages, the cloaca leads to a rod 
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of yolk-cells, usually solid* at every point except near the middle yolk- 
mass. ‘The rod, little by little, from behind forwards, is separated from 
the central mass of yolk, and covered ventrally by the splanchnic meso- 
derm (Fig. E, F,g). A continuation of the mesentery which slings the 
yolk-mass in the middle region supports the anterior portions of the rod or 
gut (Figs. B3, E1, m) ; but no mesentery is present dorsal to the cloaca. 
The posterior gut at stage VII 

Co Gi Gra has been separated from the yolk 
: Vp © ING EOS and completely surrounded by 
the mesentery as far forward as 
the level of the anterior limit of 
the hind legs. The gut up to 
this time les in the median line. 
After stage VII, additions to the 
gut are still made from the dor- 
sal part of the yolk-mass, but on 
the left of the median line (cf. 
ee ee 
ity; be, body cavity; g, gut; y, yolk-mass. gul necessarily en- 
croaches upon the middle region. 

The first steps in the development of the anterior end of the digestive 


Fia. E. Cross sections of stage VI, to show the connection between the posterior gut and 
the yolk. 1to4 from before backwards (posterior to Fig. B3). be, body cavity; cl, cloaca; 
da, dorsal aorta: g, gut; m, mesentery ; ma, mesenterial artery; pve, posterior vena cava; 
Wd, V olftian duct; y, yolk-mass. 


tract are not apparent in my series. In stage II the anterior portion of 


57 have seen sections of the tadpole of Rana, in which the archenteron at 
an early stage is closed for a short distance. 
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the archenteric cavity is very large. In III the mouth cavity and the 
pharynx are already formed; posterior to the pharynx the walls of the 
archenteron, covered by splanchnopleure, are folding under from the sides. 
Thus the cesophagus is formed, and in stage III is ventrally entirely sep- 
arated from the yolk-mass (cf. stage V, Fig. G2), but leads posteriorly 
into the archenteric cavity of the middle region. After stage V, the 
cesophagus being full of yolk, is for a time nearly solid (stages VI and 
VII), after the mesentery is first completed. The distinction between 


Fia. F. Sagittal section of stage VI. ao, aorta; au, auricle; cl, cloaca; da, dorsal aorta 
g, gut; gb, gall bladder; 1, liver; ma, mesenterial artery; oe, oesophagus; ph, pharynx 
pyc, posterior vena cava; rlu, rudiment of lung; r’p, Ist rudiment of pancreas; Sv, sinus — 
venosus; vv, vitelline vein; Wd, Wolffian duct; y, yolk-mass. 


stomach and intestine is not apparent, except that the lumen is greater in 
the definitive stomach; the intestinal part, near its connection with the 
yolk-mass in thrown into a loop (Fig. H8, g). 

Liver.—In stage III, when the lateral walls of the archenteron are fold- 
ing under to form the gut, the archenteron is extended into a diver- 
ticulum, from a portion of which the liver is subsequently formed. 
Owing to the large amount of yolk in the egg, the yolk-mass projects be- 
yond the head of the embryo, and so it happens that the diverticulum ex- 
tends from the gut portion of the archenteron in an anterior as well as a 
ventral direction, following the curve of the yolk (see Fig. 1). In stage 
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IV, folds are formed in the anterior or more strictly speaking dorsal wall 
of the diverticulum, in that portion of the diverticulum which lies nearest 
to the archenteron and immediately posterior to the heart. The liver 
develops from the folds and the lumen of the more anterior part of the 
diverticulum becomes obliterated. With the mesoderm covering the 
folds, blood-vessels are carried into the substance of the liver, and be- 
tween the two deepest folds runs a large vitelline vein, which leads directly 
into the posterior end of the heart (see horizontal section of stage IV, Fig. 
G1, rl, vv). The heart through several stages, abuts against the anterior 


Fie. G. 1, horizontal section of stage 1V; 2, cross section of stage V. ao, aorta; g, gut; 
gl, glomus; hk, head-kidney; ne, nephrostome; rl, rudiment of liver; r’p, Ist rudiment of 
pancreas; vy, vitelline vein; y, yolk-mass. 


end of the liver, and as the liver differentiates, the spaces filled with 
blood between the trabeculee, are in direct communication with the sinus 
venosus (Fig. F, 1 and sv). 

As the liver develops, it is surrounded by the splanchnopleure and is 
suspended from the dorsal wall of the body cavity; the portion of the 
gut from which the stomach develops les to the left of the mesentery 
thus formed (Fig. H2, 3). The communication between the liver and 
gut is gradually reduced to a small opening (stage VII), the definitive 
bile-duct, which enters the gut close to its connection with the central 
yolk-mass. As the gut is lengthened at the expense of the yolk-mass, the 


Fria. H. Cross sections of stage VIII. 1-8 from before backwards. ao, aorta; be, body 
cavity; bd, bile duct; Cy, Cuverian vein; da, dorsal aorta; g, gut; gb, gall bladder ols 
glomerulus; hk, head-kidney; 1, liver; ma, mesenterial artery; ne, HER POstowe » ee 
oesophagus; pcy, posterior cardinal vein; pve, posterior vena cava; rlu, rudiment o at e 
lung; EP rp, r’’’p, Ist, 2d, 8d rudiment of the pancreas; sv, sinus venosus; vv, vitelline 


vein; Wolffian duct; y, yolk-mass. 
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yolk recedes from the region where the liver is established (cf. Fig. F 
with Figs. G and H 4-8). The lengthened gut forms a loop posterior to 
the liver and joins the yolk-mass on the right side. The bile-duct is in- 
creased in Jength and in stage VIII still opens into the gut near the point 
where the gut joins the yolk-mass (see Fig. H5, 6); since the gut has 
Jengthened, it seems that the entrance into it of the bile-duct has shifted 
toward the yolk. The gall-bladder appears about stage VI as a diver- 
ticulum from the ventral wall of the bile-duct close to the liver (Fig. F, 
cb; Cie Mie Ela) 


ee 


Fig. I. Sagittal section of stage IV (nearly in the median plane). a,anus; ac,archenteric 
cavity; da. dorsal aorta; h, heart: pu, pharynx; pr, proctodaeum; rl, rudiment of liver 
r’p, lst rudiment of pancreas; y, yolk-mass. 


Pancreas.—The pancreas develops from three rudiments. The first in 
time of appearance is present in stage IV as a diverticulum from the 
dorsal wall of the gut (Fig. G1, I, r’ p). Anteriorly this rudiment ends 


in a solid mass of cells containing much yolk, and entirely separated from 


the gut. The connection between the gut and this rudiment is already 
lost in the next stage. 
Early in stage VI, a second rudiment appears as a diverticulum from 
the dorsal wall of the definitive bile-duct nearer to the gut than to the 
liver (cf. a later stage Figs. H6, 7, r” p). The third rudiment arises later, 


in the same region as the second, but from the ventral wall of the duct (cf. 
Fig. H6, 7, r” p). The connection with the definitive bile-duct is re- . 
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tained where the second and third rudiments originate. No trace re- 
mains of the place of evagination of the first rudiment from the gut itself. 

Mouth.—The stomodeum is from its first appearance (after stage IV) 
slit-shaped, and lies well under the ventral surface of the head (cf. Fig. 
15, Plate Il). A free passage from the stomodeum into the mouth 
cavity is not established until stage X. 

A noteworthy fact in the development of the mouth is the entire ab- 
sence of horny jaws, and teeth, and of fringed lips. The hardened tip of 
the upper lip which develops late in embryonic life will be described in 
another place: it has not the characteristics of a tadpole tooth. It may 
be here noted that an adhesive gland is also wanting. The tongue is 
first found in stage VII. 

Visceral Pouches.—The visceral pouches first appear in the series in 
stage III. It has been noted that, in surface view, there are four ecto- 
dermic depressions. In section, it is found that the hyo-mandibular pouch 
is a deep diverticulum from the wall of the 
pharynx and that its entodermic lining in many 
cases lies in contact with the outside ectoderm ; 
the first branchial pouch is in almost the same 
condition, but not in actual eontact with the 
ectoderm ; the second branchial pouch is merely 
a shallow diverticulum, and the third barely be- 
gun. Instage IV (Fig. J), the same conditions 
exist, except that the third branchial pouch has a 
become deeper. After stage IV the pouches 4,076.7 fiozizontal seetion 
are gradually redticed, and before VIII have pouches in stage ty Ohial 
almost disappeared. penene Te Hy pmenipulee 

Not one of these pouches in any preparation 
can be demonstrated to open to the outside, 
hence the evidence as far as it goes shows that 
nopirue gill-slits are formed in the embryo of yo. i “Gross section of 
Hylodes. Before this conclusion can be placed the oesophagus ang maw, 
entirely beyond doubt, it is necessary that a more 06; esophagus; rlu, rudi 
complete series of embryos be examined. 

The statements of earlier writers in regard to the gills have been 
entirely confirmed. Not a trace of either external or internal gills can 
be found in any of the embryos. It will be shown later that the circula- 
tion in the gill arches is extremely simple. 

Gsophagus and Lungs.—The lungs are derived from a single rudiment 
which arises in stage V by a constriction of the ventral portion of the 
cesophagus from the dorsal (Fig. K). As the rudiment becomes more 
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completely separated from the gut, the cesophagus is flattened dorso-ven- 
trally, and loses its lumen (Fig. L). The solid portion of the cesophagus 
extends for a little distance anterior and posterior to its union with the 
lungs (Figs. L1, 2 and H1, ce, rlu). The lung rudiment lengthens and 
becomes paired posteriorly. 

The foregoing description shows that by the time stage VIII is reached, 
the principal adult organs derived from the archenteron are well differ- 


Fia. L. Cross sections of stage VIII. lanterior to 2 (both anterior to Fig. H1). acv, an- 
terior cardinal vein; ao, aorta; au, auricle; Cv, Cuverian vein; hk, head-kidney; oe, 
oesophagus; rlu, rudiment of lung; scv, subclavian vein; ta, truncus arteriosus; v, ven- 
tricle; y, yolk-mass. 


entiated. The liver, after stage VIII, becomes more compact; it is less 
intimately connected with the heart, and definite efferent hepatic vessels 
are formed. The gall-bladder increases in size and after stage X contains 
a clear, yellowish substance. The three rudiments of the pancreas be- 
come unified into a compact organ. ‘The lungs increase in size, and soon 
after stage VIII hang freely in the body cavity, surrounded by the 
splanchnopleure. Their walls and the walls of the cesophagus are some- 
what pigmented after stage XII. The lungs, even as late as the time of 
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hatching, have attained no great size and are remarkably simple in 
structure. In sections of the late stages, and in adults preserved in alco- 
hol, they appear as hollow thin-walled sacs, not showing the trabecular 
structure of the lung of the common frog. In all sections of late embry- 
onic stages, the walls of the lungs are more or less wrinkled, so that 
in life they may have been capable of expansion to some extent ; In their 
present condition, however, they extend, at most, only slightly beyond the 
anterior limit of the liver. 

Differentiation of the alimentary canal, after stage VIII, is accompan- 
ied by the disappearance of yolk from its walls, and by the absorption of 
the large yolk-mass that still separates the anterior part of the intestine 
from the posterior (cf. Figs. B1, and O for the size of the yolk relative 
to the embryo). The yolk first disappears from the walls of the pharynx. 
In closed portions of the gut, the lumen as a rule reappears immediately 
upon absorption of the yolk, but the roof and floor of the broad low 
cesophagus remain pressed together, even after there is no yolk remaining 
in them, and the opening to the lungs is not re-established until after stage 
XII. The stomodzum is open into the entodermal buccal cavity at stage 
X (as already stated), so that after XII, there is free communication 
from the lungs to the outside. Posterior to the lungs, the walls of the 
cesophagus, after the reduction of the yolk in their cells (stage XII), 
become convoluted but no lumen exists until after hatching. The convo- 
lutions may be partly due to shrinkage in the preparations, although in 
an older specimen where food has entered the stomach, the walls remain 
distended after preservation ; this seems to indicate that the walls remain 
collapsed until food has passed through the gut. The stomach portion 
of the gut retains its lumen from the time of its formation. The intes- 
tinal portion continues to be lengthened after stage VII by additions 
from the yolk, has a small lumen, and becomes convoluted about stage 
XII. The walls of the posterior gut lose their yolk first in the cloaca, 
then in the portion near the yolk, and lastly between these parts. As in 
the anterior gut, the walls become convoluted in stage XII. The lumen 
near the middle yolk is enlarged in stage XII and extends through the 
gut for some distance posterior to the yolk. 

Since the posterior gut is constantly added to from one side (the left) 
of the yolk, and the anterior from the other side, it comes about that the 
two connections between gut and yolk pass each other, and a middle 
region between them does not exist after stage XII in the same sense as 
before. Still there remains a large amount of yolk, which after stage XI 
does not retain its solid condition (see Fig. M), and is no longer reduced 
by gradual contributions to the more differentiated parts of the gut. 
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In stages XI to XII, the interior of the yolk is split in various places, and 
the fissures contain a substance which stains deeply with carmine. The 
substance may be the product of cells that appear to be breaking down in 
the borders of the fissures. In the next stage (XIII), the fissures have 
formed a continuous cavity that leads into the anteriorly and posteriorly 
differentiated gut, thus completing the lumen of the alimentary canal. In 
the meantime, the whole yolk becomes lobed, and Jarge portions are con- 
tributed to the gut at once. This takes place with almost uniform regu- 
larity; the first lobe is formed in stage XII, and from that part of the 
yolk which immediately joins the anterior gut; the second is added from 
the yolk in connection with the posterior gut. The amount of yolk is con- 


Fria. M. Cross section of stage XIV. aav, anterior abdominal vein; da, dorsal aorta; e, 
differentiated portion of entoderm; g, gut; k, kidney; ls, lymph spaces; pvc, posterior 
vena cava; r, reproductive organ ; y, entodermic cells laden with yolk. 


stantly reduced in the large lobes, and finally in stage XIV the yolk is 
found in only a small portion of the intestine (cf. Fig. M). 

A comparison of Figs. B1, 2, 3, Fig. M, Fig. C and Figs. I, F, O, will 
show briefly, in review, the main facts in the history of the yolk-mass 
and its relation to the embryo. 

There is no coiled intestine as in the vegetable feeding larva of Rana, 
but the yolk holds the same relation in the digestive tract as it does in 
two other yolk-laden Amphibian eggs, those of Plethodon cinereus and 
Ichthyophis glutinosus (cf. Fig. B3 with Montgomery 701, Fig. 5 and 
Sarasin ’87, Fig. 7, and cf. Fig. N with Sarasin 87, Fig. 8). Very much 
the same relations appear from the descriptions to exist in Alytes obstet- 
ricans at one period, although in this form a coiled intestine is later 
developed. 


i ee te 
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From the earliest stages of the series, the entire yolk is divided into 
cells, which are larger in the center and smaller at the periphery (Fig. F). 
The cell walls are sometimes not clear in poorly preserved eggs of early 
stages. The cells are, in all stages, smallest in that part of the yolk where 
the anterior and posterior parts of the gut are forming. In later stages 
while the yolk is disappearing from the gut walls, it is lost also in the cells 
of the middle yolk-mass immediately beneath the mesentery and by the 
time the cavity of the alimentary canal is established in the central yolk- 
mass, the wall beneath the mesentery is differentiated into a layer of small 
cells that pass abruptly into huge yolk-laden cells several times their 
own size (Fig. M, g, e, y). 

The frog may feed before the yolk is entirely absorbed, for the stomach 
cf a hatched frog contains green food, while part of the intestine is still 
loaded with yolk.’ 


3. HEART AND BLoop- VESSELS. 


The details in the development of the blood-vessels have not been 
worked out, but the chief events in their history have been determined. 
Heart.—The heart develops from the mesoderm ventral to the pharynx. 
In stage IV, it has arrived at the condition of a bent tube (Fig. I) with 
a slight constriction between the auricular and the ventricular parts. 
It undergoes the usual changes of. further twisting, thickening of the 
ventricular walls, etc. The longitudinal septum in the truncus appears 
at about stage VII, but the septum between the auricles, which in the 
frog appears simultaneously with the septum of the truncus, is not 
found in Hylodes until stage IX; it attains no great size until XI, after 
which it separates a very small left auricle from the right. The relatively 
late development of this septum may be correlated with the slow growth 
of the lungs and consequently of the pulmonary circulation (cf. p. 493). 
Vewns.—For a full understanding of the vitelline circulation, the ex- 
amination of living material is essential. From the preserved prepar- 
ations no constant arrangement of vessels on the yolk can be determined. 
In stage IV, the yolk is literally covered with great vessels, in which are 
large blood corpuscles filled with yolk granules; the vitelline blood is col- 
lected in a large vein, which passes through the liver, and constitutes in 
early stages the posterior end of the heart (Fig. G1, vv). After stage VI, 


“It is stated that the yolk-mass of Desmognathus fusca and of Ichthyophis 
is at one period segmented only peripherally, and that in Plethoden cinereus 
also the boundaries of the yolk-cells disappear. 

'The embryo of a viviparous salamander will feed although yolk is still 
contained in the digestive tract. 

35 
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the vitelline vein comes from the right side of the yolk (where the liver, 
yolk and gut are connected), passes along the dorsal wall of the liver, 
and joins the posterior vena cava before it enters the heart. Lastly after 
about stage VIII, the vitelline vein (Fig. H?-4, vv) is greatly reduced 
and no longer passes through the liver as a distinct vessel, but is lost in 
the tissues of the organ. 

The Cuverian veins, the anterior cardinals, and perhaps the posterior 
cardinals are present in stage IV (cf. Fig. N, with the following de- 


Fic. N. Diagram of veins. 1, stage VIII. 2, stage XV. aa, anterior abdominal vein; ac, 
anterior cardinal vein; ave, anterior vena cava; ¢, cutaneous vein; Cy, Cuverian vein; hk, 
head-kidney; hp, hepatic portal vein; ij, inferior jugular vein; k, kidney; 1, liver; mt, 
mesonephric tubule; pe, posterior cardinal vein; pve, posterior vena Cava; Sc, subclavian 
vein; sv, Sinus venosus; vy, vitelline vein. 


scription). There is also, on each side of the yolk, an enormous cutan- 
eous vein, which lies in the somatopleure, hence not directly in contact 
with the yolk-mass, and passes beneath the forelegs into the Cuverian 
vein. It is so conspicuous from stages VI to IX, that it deserves especial 
mention as an embryonic vessel (see Fig. Li, 2, sev). From its position 
the cutaneous vein would seem to be the forerunner of the subclavian 
vein, but it has not been seen after stage XII. 

The posterior cardinals are evident after stage V. They diverge from 
a common trunk (2 sections posterior to Fig. H8), and passing an- 
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teriorly, bathe the head-kidneys and empty into the Cuverian veins (Fig. 
H8-1, pev, cv). The posterior cardinals are remarkably conspicuous 
from stages VI to IX, and- persist to stage XII, when only vestiges of 
them can be found posterior to the degenerated head-kidneys. 

The anterior cardinals (Fig. L, acv) also empty into the Cuverian 
veins. After the degeneration of the posterior cardinals, the Cuverian 
veins and anterior cardinals persist as the anterior vene cave. After 
stage VII, the inferior jugular veins from the ventral region of the 
neck enter the Cuverian veins with the cutaneous, and persist after the 
cutaneous veins have been reduced. In stage XV, they are present as 
branches of the anterior ven cave. 


Fig. O. Sagittal section of stage XII (drawn to same scale as Fig. Bl). ao, aorta; au, au- 
ricle; b, bladder; bd, bile duct; da, dorsal aorta; g, gut; k, kidney; 1, liver; lu, lung; ma, 
mesenterial artery; oe, oesophagus; p, pancreas; pvc, posterior vena cava; sv, sinus 
venosus; ta, truncus arteriosus; vy, ventricle; vy, vitelline vein. 


The posterior vena cava appears at about stage VI, as a median vein, 
which passes along the dorsal wall of the liver, receives the vitelline vein, 
and empties into the sinus venosus (cf. Fig. H?-2). As the vitelline 
vein becomes less prominent the vena cava increases in importance, and 
takes its place as the posterior end of the sinus venosus. In later stages, 
as the heart becomes separated from the liver, the posterior vena cava 
is also separated from the liver (Fig. O) and receives definite efferent 
vessels from it. ‘The posterior vena cava joins the right posterior cardinal 
(Fig. H6, 7, pve, pev) at a little distance anterior to the union of the 
two cardinals; and after the posterior cardinals disappear, continues to 
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hold the same course. As the posterior vena cava, where it joins the 
heart, acquires greater importance than the vitelline veins, and replaces 
the posterior cardinals in the trunk, it becomes the principal vein posterior 
to the heart. It receives numerous branches from Wolffian bodies, and is 
the vein of the very vascular tail. 

The hepatic portal vein cannot be distinguished before stage IX. The 
vitelline vein joins it at the liver, and is its most conspicuous branch 
until stage XIT. 

The anterior abdominal vein has been first observed in stage XIII. It 
runs in the median line (cf. Fig. M, aav), from the posterior end of the 
embryo, along the ventral surface of what remains of the yolk, bends 
back around the anterior limit of the yolk, passes posteriorly for a 
short distance in the pericardium and enters the liver with the hepatic 
portal. The stages are wanting to determine whether the anterior ab- 
dominal has a paired origin, and whether when it first develops, it opens 
directly into the sinus venosus. In stages XIV and XV, when the. 
yolk has gone from the region of the heart and liver, the anterior ab- 
dominal passes directly from the ventral wall .of the abdomen into the 
liver, making no loop anteriorly as in stage XIII. The vesical vein, a 
branch of the anterior abdominal from the bladder, is found in stage 
NG 

Arteries.—The dorsal aorta in stage IV is fully established; it is 
formed by the union of the aortic arches and extends to the posterior end 
of the embryo. It might fairly be expected that so large a quantity 
of yolk as the embryo possesses would be supplied by a fixed arterial 
system, but it has been impossible to trace any definite arteries to the yolk- 
mass at this stage. It can only be said that the infolding walls of the 
posterior gut are surrounded by blood corpuscles, and there is some evi- 
dence that a branch from the aorta connects with this region. 

In stage VI, a branch of some size passes from the aorta into the 
mesentery which slings the yolk of the middle region (Fig. F, B3, ma) ; 
thence it runs posteriorly along the rod of yolk, and posterior gut (Fig. H, 
ma), and probably gives off branches on either side, to the yolk. The 
vessel, reduced in size, persists in later stages as the cceliaco-mesenteric 
artery (Figs. H8,O,ma). The point where it leaves the dorsal aorta is 
slightly posterior to the union of the two aorte, and in the region between 
the union of the posterior vena cava with the right and with the left pos- 
terior cardinal. The point of union with the left cardinal is, as it were, 
thrown back to admit of the passage in the mesentery of this little branch 
of the aorta. The arterial system in the visceral arches has been worked 
out as far as possible in the present series; but it is hoped, as in the case 
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of the visceral pouches, that the observations may be amplified by the 
study of more abundant material. The vessels of the arches are charac- 
terized by extreme simplicity. The first vessel to be completed is the 
aortic arch of the first branchial arch in stage IV; very soon the vessel of 
the second arch is also complete. In the meantime incomplete vessels or 
lacune are found in the mandibular and hyoid arches, but at no time is 
there a complete vessel from the truncus to the collecting aorta in any 
visceral arch save in the first and the second branchial. 

The pulmo-cutaneous vessel when first seen in the series, at about stage 
V to VI, branches near the truncus from the aorta of the second branchial 
arch. A study of fairly abundant material shows no indication of the 
origin of the pulmo-cutaneous from an artery of the fourth branchial arch, 
as in the frog. There is no representative of the vessel of the third bran- 
chial arch. 

The condition then in stage VI (Fig. P) is as follows:—The first bran- 
chial arch passes from the truncus into the collecting aorta, and is con- 
tinued anteriorly as the carotid. The aorta of the second branchial arch 
passes posteriorly as the systemic, meeting the corresponding vessel of the 
other side, posterior to where each has supplied the glomus of the head- 
kidney. The collecting aorta is 
already somewhat reduced between 
the dorsal parts of the first two 
arches. Lacune are still found in 
the mandibular and hyoid arches ; 
the vessel in the hyoid is con- / 
nected with the ventral portion of | - 
the aorta of the first branchial, ‘ ? 
but the aorta is not complete in 
either mandibular or hyoid arch. 

Finally, at the point where the vi" ‘or aovasrta of the ist and of the 2d 
first and second branchial arter-  Rreesy: da, cystemie aortas hk, head’kidney 
ies separate, An iore posterior pev, posterior cardinal vein; y, yclk-mass. 
branch, the pulmo-cutaneous, is given off. 

In stages soon after VI, as the visceral arches are obscured, the collect- 
ing aorta between the carotid and systemic degenerates, and the embryonic 
arrangement of the aortic arches cannot be detected ; the carotid, systemic 
and pulmo-cutaneous arise as three great branches from the truncus. 

Pulmonary circulation.—The study of the pumonary vessels has given 
mostly negative results. The cutaneous artery is an established vessel 
from stage VI on, but in the same section where it can be clearly traced, 
nothing can be seen of the pulmonary artery in specimens younger than 
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the stage of hatching. In a longitudinal section of stage XV, it appears 
as a branch of the cutaneous vessel. The pulmonary vein has not been 
seen with certainty in any stage. As other vessels are clearly seen in the 
preparation, it follows with great probability that the pulmonary vessels 
are very small or wanting in embryonic stages. It will be remembered 
that the lungs are small, and also that the left auricle is very small, and 
the septum between it and the right auricle is late in developing.’ All 
the facts then in connection with the morphology of the organs for 
pulmonary respiration, go to show that the lungs are not of great func- 
tional importance in embryonic stages. 

Lymph sinuses.—Sub-dermal lymph sinuses appear about stage X as 
narrow spaces; by stage XIII they are enlarged into enormous sacs that 
completely surround the animal (cf. Fig. M). They are separated by 
narrow partitions, the principal sinuses being a dorsal, a ventral, and 
lateral chambers. 


4. EXCRETORY AND REPRODUCTIVE ORGANS. 


The excretory system of Hylodes has been described by Selenka, 82, 
from a reconstruction of one stage (about VI, judging from the figure 
independently of the excretory system). He has added notes on a later 
stage (about XIII). Selenka concludes that the pronephros degenerates 
and the mesonepronephros appears early as compared with other amphibia, 
and he associates this condition with the absence of gills, a combination 
approaching the condition in Reptiles. A comparison of this sort requires 
further evidence from the study of the function of the organs. 

Field, 91, interprets Selenka’s figures and description as showing that 
the pronephros in the earlier stage appears already in a degenerate con- 
dition, the collecting trunk being extended into irregular blind sacs 
instead of convoluted, and opening directly into the anterior end of the 
segmental duct. J have not made reconstructions of any stage, so that I 
cannot judge of the accuracy of Selenka’s‘ figures of the model, but in 


°In some of the lungless salamanders the auricle is small, the septum 
between the auricles is incomplete, and the pulmonary vein is wanting. 

“The spinal cord in Salenka’s cross section is in the shape of a cross, which 
does not appear in my sections. His “J,” called in the explanation of the 
figure “ Darm,” is in the usual position of the heart, while the unlettered 
space in the shading above it might well be the gut and rudiment of lungs. 
Selenka mentions the lungs as present in the older embryo but wanting in 
this. We have seen that the lung diverticulum is present even before VI. 
i have found the degenerate glomus and rudiments of the ciliated funnels in 
stages later than those in which Selenka mentions them. 
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section the tubules appear to be, through several stages including Sel- 
enka’s early stage, as regular as in sections of Rana. It would be of inter- 
est to determine the exact state of the organ from a series of models; 
but at present, I can only give a brief statement of the time of appear- 
ance and duration of the principal parts of the excretory system. 

The Wolffian ducts are found in stage II. While the archenteric 
cavity is still broad, their posterior ends are far apart, but when the gut 
has been differentiated from the archenteron, they meet in the median 
line, where they open into the gut. It has already been noted that from 
this point backward, the gut remains open as the cloaca. It seems to be 
the enlargement of the gut which Selenka calls the “ allantois.” 

The tubules of the pronephros are already present in stage III in a 
simple form; in IV, they are much coiled, and before stage VI they 
form a compact organ. In stage III, the three ciliated funnels open into 
the peritoneal cavity (cf. Figs. G2, H1, 2, ne), the two anterior funnels 
close together. In XI, the tubules of the head-kidney are irregularly 
dilated; in XIII, the organ is reduced in size, and the tubules are solid 
in part. Vestiges of the ciliated funnels persist until XIV, when their 
number cannot be determined from the sections. In XV, the degenerate 
pronephros has almost entirely disappeared. The Wolffian duct remains 
connected with the head-kidney until stage XV, when only a vestige of 
it remains anterior to the Wolffian body. The glomus is present in stage 
IV (Figs. G1, 2, gl), and develops and degenerates at a nearly equal 
rate with the pronephros, except in later stages, when it is particu- 
larly large relatively to the size of the head-kidney. In stage XV a 
vestige of it still persists. 

About four or more mesonephric tubules are present in stage VI, and 
from that time they increase in number, size and complexity until they 
lave become a compact mass (stage XV, cf. Figs. M, 0, k). 

The bladder appears at about stage X as a solid projection of the 
ventral wall of the cloaca. As it develops, it extends anteriorly, becomes 
hollow and distally bifid (from stage XI), and by stage XIV, it is a 
thin-walled cleft sac of considerable size (cf. Fig. O, b). 

The genital ridges arise at about stage VII, and are well developed in 
stage XV (cf. Fig. M, r). At that time, there is no appearance of 
degeneration of the anterior portion into fat bodies, no differentiation 
into testes or ovaries, nor has the rudiment of the Miillerian duct been 


seen. 
5. TAIL. 


The tail of Hylodes calls for particular attention because of the unusual 
condition of almost every feature of it. In a word, it constitutes not a 
muscular organ for locomotion but a vascular organ for breathing. 
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The notochord is the axis of the tail; the flat surfaces are morpholog- 
ically the right and left sides. Thus the vascular lamelle of the tail are 
in the position of the dorsal and ventral fins of the tadpole. To which- 
ever side the tail is turned in the egg the part which lies cephalward from 
the notochord is dorsal, and the part on the opposite side of the noto- 
chord is ventral. These relations are clearly established by the relative 
positions of the notochord, spinal cord, and dorsal aorta 
(Fig. Q). While the tail after stage [V becomes broader 
and thinner, as described from the surface view, the con- 
nective tissue becomes spongy, and through its meshes is 
a network of capillary blood-vessels. The ventral part 
is more richly supplied with blood-vessels than the dor- 
sal, a condition perhaps correlated with the fact that it 
contains the dorsal aorta which carries the main supply 


Fre. Q. Cross of blood. The aorta extends with the notochord nearly 
section of the 


eS ie Babe to the end of the tail; no main efferent vessel runs for 
vessels: da,dor- any distance througi the tail, but the blood is collected 
muscle: n,noto- jn the posterior vena cava near the union of the tail 
chord: sc, spinal j 

cord. with the body. 


At the base of the tail the diameter of the notochord from stages VI to 
XII far exceeds its diameter in the body of the embryo. In the tail itself 
the notochord diminishes in size toward its distal end. The diameter 
of the spinal chord is greatly reduced as compared with its size in the 
body, especially in late stages. Surrounding the notochord is a layer of 
muscle that is connected with the muscles of the body and like them is 
segmented. No vertebre are found in the tail. 

In stage XIV the notochord, muscles and spinal cord have become 
reduced, and the tail is more solid but still very vascular; in stage XV 
when the tail is almost entirely absorbed the tissue is compact. 


6. DERMAL FOLD. 


The fold of skin, which in several embryonic stages partially covers the 
arms, will be described in more detail. The anterior leg lies in a space 
which is the angle between the head of the embryo and the yolk (see 
figure). Across this space stretches the dermal fold whose free anterior 
edge reaches from the head to the side of the yolk. The fold is composed 
of two layers of ectoderm separated by mesoderm. The folds of the two 


sides are entirely independent of one another. The fold differs from the. 


operculum of the tadpole, in that it is continuous with the epidermis of 


the body posteriorly, and its free edge is directed anteriorly. But the 


anterior legs of Hylodes, for some time after their first appearance, are 


ls 


4 
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directed anteriorly from the body because of the large amount of yolk at 
the sides of the embryo; hence the dermal fold resembles an early stage 
of the operculum of the tadpole in its morphological relation to the anter- 
ior leg. 

The entire separateness of the dermal folds of the two sides recalls the 
condition of the operculum in the two representatives of the Aglossa, 
Dactylethra and Pipa, where the operculum opens on both sides. In these 
two forms, however, the anterior legs are not covered by the operculum. 

It is not evident from the points of difference and of resemblance be- 
tween the dermal fold of Hylodes and the operculum of the tadpole 
whether or not the two structures are homologous. 


BEAK. 

The black tip on the upper lip is seen at late stages in external views 
(Plate II). It is triangular in sagittal sections (Fig. 0), appearing in 
sections at about stage X. The beak does not surmount*a column of epi- 
thelial cells like the teeth and edge of the jaw of the tadpole. It attains 
its greatest size in the last stage within the egg, and whether by accident 
or normally, the tip is sharp in stages XI, XII and XIII, and blunt in the 
hatched tadpole. The facts suggest that its function is to rupture the 
egg membrane (cf. Rana opisthodon). 


SENSE ORGANS. 

I have not attempted to make a study of the sense organs, but observe 
that they arise in very early stages as in the tadpole. 

The auditory vesicles are already seen in stage II. In the same stage, 
the optic vesicles are in the condition of diverticula from the brain; their 
connection with the brain is reduced in the next stages, and in III the 
lenses are being formed. Thickenings of the epidermis, the rudiments of 
the anterior nares are present in stage III, and the hollow diverticula, 
reaching anteriorly from the pharynx, are, to all appearances, the begin- 
nings of the posterior nares. 


7. COMPARISON WITH OTHER FORMS. 


In immature stages of Amphibia, there are various kinds of adaptations 
to different surroundings. In each of the three living orders, there are 
exceptions to the rule that the Amphibia develop from eggs laid in water 
and pass through a free-swimming stage. Among the Urodeles are the 
viviparous Salamandra atra, also Salamandra maculosa, and the’ forms 
with terrestrial eggs (some species of Amphiuma, Plethodon cenereus 
Antodax lugubris, Desmognathus fusca); among the Gymnophiona 
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are T'yphlonectes compressicauda, and Dermophis thomensis, two 
viviparous species, Hypogeophis, in which the eggs are terrestrial and 
the larval life is completed within the egg-membranes, and Ichthy- 
ophis glutinosus, with early stages out of the water; and among the Anura 
are a number of forms recently enumerated by several writers.” 

The facts as far as they are known in regard to the development of 
the exceptional forms point to the interpretation that they are descended 
from forms which originally had aquatic larve. 

It is to be noted that among Anura, there are no known cases of inter- 
nal fertilization and viviparity.” 

It seems clear, from what has been described of the habitats, that a 
form with a free-swimming larva would not survive in some at least of the 
regions where the animals are found. Salamandra atra lives in high 
Alps, where the water runs swiftly. Hylodes and Rana opisthodon also 
live where there are no pools. -In the latter cases, the larva and adult 
no longer inhabit two different environments, but the embryo has become 
adapted to the environment of the adult of the original form. 

There are other ways in which the difficulties of insufficient water are 
met. Development may be hurried through (in Lythodytes latrans) in a 
rain pool, where the supply of water is uncertain, or the tadpoles may 
be provided for in such a way as to survive a drought, as in Cystignathus 
mystaceus. In such a case as that of Pipa, in which the eggs are carried 
on the back, while the parent stays in the water, the advantage of the 
_hlabit is not obvious at present. 

The various adaptations involve in different degrees not only the 
larve but often the instincts and certain structures of the parents (as 
when pouches are developed). 

Whatever the cause or origin of the adaptations may be, it is found 
that, with a few exceptions, the larve or embryos of all the forms still 
retain some of the organs characteristic of the free-swimming larva. 
These organs are not, however, always used in the same way, or even 
for the same purpose as in the aquatic larva. In some cases (and among 
them Hylodes) all the larval organs are not present, and furthermore 
some new organs which are not found in the larva occur in the embryonic 
forms. 

The most patent differences in the requirements of the aquatic larva 
and of the terrestrial or viviparous embryo concern nutrition and respira- 
tion. In the embryonic form there is the necessity for a special food 


’ Brandes and Schoenichen, or. Wiedersheim, o0. Sampson, oo. 
°In Pipa, fertilization takes place perhaps in the oviduct, which is curiously 
protruded over the back of the female when the eggs are laid. 
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supply and for organs of respiration adapted to a medium other than 
water. 

In the viviparous salamander, the larva imbibes the fluid within the 
uterus in which it swims. In terrestrial forms of each order, the food 
supply is given to the embryo in the enormous mass of yolk in the egg. 
In spite of the large size of the egg, the type of cleavage in Hylodes is 
holoblastic as in other Anura. The yolk-laden eggs of other forms have 
scarcely been studied. The holoblastic type has been found to occur in 
Alytes and in Desmognathus fusca (both formerly supposed to have 
meroblastic eggs). 

As would be expected, the number of the eggs is comparatively small 
in forms where the eggs are excessively large. The absence of pigment 
is another peculiarity that has been noted in many cases where the eggs 
are concealed, either carried by the parent or laid in sheltered situations. 
The following table summarizes the observations, so far as they have 
been made: 


aie | Number | .. 
| Color of Eggs. | Deposition of Eggs. ears Size of Eggs. 
| ev. of 

Nototrema | Dorsal pouch 9. | 200 “Smaller 
marsupiatum. | than a pea.”’ 

Nototrema | Not pigmented. Dorsal pouch 9. | 15-350 ren, 
oviferum. 

Nototrema fissipes. Dorsal pouch 9. | 16 10 mm. 

Nototrema | | Dorsal pouch®. 4-7 
pygmaeum. | 

Pipa Americana. | |Back of 9 inthe | 100 

| water. | 

Rhinoderma Gular pouch %. 10 
darwinii. 

Rhacophorus | On abdomen Q. | 21 
reticulatus. | 

Hyla goeldii. Not pigmented. Back of Q. 10-26 4 mm. 

Hylodes Not pigmented. Under stones, ete. | 30 3-4 mm. 
martinicensis. | | 

Phyllomedusa | On trees. 200 2mm. 
jheringii. 

Alytes Not pigmented. | Round legs of ¢%. 18-54 34-5 mm. 
obstetricans. 

Cystignathnus _ Not pigmented. Nest under stones, 
mystaceus. ete. 

Rhbacophorus Not pigmented. Nest in the side of 1 mm. 
schlegelii. a bank. 

Polypedates | Not pigmented. | Sides of cisterns, 
maculatus. | €te: 

Paludicola Not pigmented.!° | Floating in small | | alsethene 
fuscomaculata. pool. | 


” A case of unpigmented eggs laid in small pools; these eggs are not long 
exposed, for they hatch eighteen to twenty-four hours after the beginning 
of segmentation. 
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The development of the digestive tract has heretofore scarcely been 
touched upon in the descriptions of the yolk-laden eggs. We have seen 
a close similarity in the history of the yolk-mass in Hylodes and in the 
few forms already studied, and the absence in Hylodes of a coiled 
intestine. 

In the embryo of Hylodes, fed by the yolk in the egg; of Rhinoderma 
darwinii, developed in the gular sac of the male; of Pipa americana, on 
the back of the female; of Nototrema oviferum, in the dorsal pouch of 
the female, no horny teeth or jaws have been found. (The presence or 
absence of teeth is not recorded in the case of other protected embryos. ) 
It is also to be noted that no adhesive gland is found in Hylodes. 

Passing now to the organs of respiration, we find that different parts 
of the body serve for breathing in different forms, and that there is great 
diversity in the number and form of the gills, where present. 


In the viviparous salamander, the gills are finely feathered, and serve 
for breathing in the fluid of the uterus. Larve put into water do not 
continue to use their gills unaltered; the gills either undergo certain 
changes or are lost, and new gills or other organs develop. In Alytes, 
the eggs are carried for a time on the hind legs of the male, and the 
external gills are represented by one long branched pair. In Pipa 
americana, in which the eggs are carried in water by the parent, 
three pair of external gills develop, but these are lost early and 
the internal gills appear. In Nototrema oviferum, in which the eggs 
are carried in the dorsal pouch, one pair of bell-shaped gills occur, which 
seem to represent two fused gills on each side. ‘They are present before 
the tadpole leaves the maternal pouch, and also for a short time after- 
wards. A gill rudiment on the third arch may represent the internal 
gills, but no others are present. In Nototrema marsupiatum, it is said 
that there is no trace of external gills in the embryo when it leaves the 
parent’s pouch. Finally, the gills are entirely wanting in Hyla goldii, 
whose eggs are carried on the back of the female; in Rana opisthodon, 
whose eggs are found in crevices of rocks; in Rhinoderma darwinu, 
whose embryos are contained in the gular pouch of the male; and in 
Hylodes martinicensis, whose eggs develop on land. In Hylodes even 
the gill-slits are probably wanting. 

Respiration is carried on by some other means, which in some of these 
cases has not been recorded. In Hylodes we have seen that the tail is 
adapted to this function, 1. e., the new function of breathing in air has 
been assumed by an ancestral larval organ no longer useful in the 
eriginal way. In Rana opisthodon, the tail is not present in advanced 
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embryos, and numerous folds on the sides of the embryo probably func- 
tion as respiratory organs.” : 

In other forms besides Hylodes, the tail differs from the swimming- 
tail of the tadpole. In Nototrema marsupiatum it is said to be vascular ; 
in the tadpoles of Hyla abbreviatus, which shp about (even before their 
legs appear) on moist perpendicular rocks, the ventral fin is flattened, 
and seems to serve as a sucker; in Rhinoderma darwinii the tail is small 
and weak. In Hypogeophis and in Autodax, the fin is wanting. 

Lastly, in Hylodes and in Rana opisthodon the little median horny tip 
in the upper lip is found in a late embryonic stage, and is used in the 
latter, at least to rupture the membranes in which the embryo is so long 
encased. 

In conclusion, we find that the Amphibia are a plastic group, and 
among Anura especially there are patent examples of the adaptation of 
the larval stages to new external conditions, while the original plan of 
structure of the adults has remained unchanged. There are also other 
forms known in which, although the adults are very similar, the embryos 
have different modes of development. In such cases we must suppose 
that the embryos have diverged in their development while the end-result 
of their development, namely, the adult form, has remained virtually 
unchanged. For example, there are two species of Peripatus very simi- 
lar in adult stages, but which arrive at the adult form through dissimilar 
embryonic stages. There are also various species of Alpheus and of 
Palaemonetes that have very similar adults, but whose embryonic meta- 
morphosis differs according to the degree of abbreviation of the develop- 
ment of the different species. 

Furthermore as Wilson has pointed out in this connection, it has been 
shown in the Ascidians that the same adult form may be produced by 
methods as different as budding and development from the egg. Finally, 
it is well established that in certain animals mutilation, or even removal 
of parts of the egg, does not prevent the development of a normal embryo. 


SUMMARY. 


Comparing the development of Hylodes with the development of frogs 
having a tadpole stage, the following points of resemblance and of differ- 
ence are apparent: 


1 We find not only in embryos but also in adult amphibia, great diversity 
in breathing; respiration may be carried on by the mouth, the skin and 
even, according to Ritter and Miller, by vascular toes in Antodax, Plethodon 
and Brachoceps. : 
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Resemblances. 


1. Holoblastic segmentation. 

2. The mode of formation of the blastopore, the. presence of the yolk 
plug, and its later withdrawal. 

3. The mode of development of the liver, pancreas and lungs. 

4. Development of the pronephros (with its three funnels) of the 
Wolffian duct, and of the mesonephros. 

5. The presence of a tail. 


Differences. 


1. A solid medullary plate. 
2. In the alimentary canal: 
(a) Absence of horny jaws and teeth. 
(b) Probable absence of perforated gill-slits. 
(c) Absence of external and internal gills. 
(d) Absence of coiled intestine. 
(e) Extensive closure of the middle region of the archenteron. 

3. Simplification of the circulation in the gill region. 

4, Early and simultaneous appearance of all four legs. 

5. Incomplete development of the lungs and of the pulmonary circu- 
Jation at the time of hatching as compared with the tadpole when it 
leaves the water. 

6. Forelegs are never completely enclosed by an operculum. 

?. Changes in the tail from an organ of locomotion to one of res- 
piration. 

8. Presence of a hardened tip on the upper lip. 

9. Absence of adhesive glands. 


On the assumption that Hylodes has had an ancestor in which a tad- 
pole stage existed, the development has been altered by losses, by addi- 
tions, and by changes in organs already present. The structures that 
have been lost are: the horny jaws and teeth, adhesive glands, the perfor- 
ated gill-slits, the external and internal gills, the coiled intestine, and 
certain blood-vessels of the gill region and of the lungs. There have been 
added the hard tip of the upper lip, and the early development of the legs. 
The tail has changed from a muscular to a vascular organ. 


GERMANTOWN, Pa., U. S. A., February, 1904. 
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. EXPLANATION OF PLATES. 


The figures are taken from camera drawings. The embryos are magnified 
in Figs. 1 to 10, inclusive, about thirteen and a half diameters, in Figs. 11 
to 14, inclusive, a little more than thirteen and a half diameters, and in Fig. 
15 about twenty-eight diameters. 


PLATE I. 


Fic. 1. Two-celled stage. Upper pole showing the beginning of the second 
furrow. ; 


Fic. 2. Two-celled stage. Lower pole. 

Fic. 3. Later stage of segmentation. Upper pole. 

Fic. 4. Same egg as in Fig. 3. Lower pole. 

Fig. 5. Stage showing blastopore. 

Fic. 6. Stage I.. Young embryo with the blastopore almost closed. 
Fic. 7. Stage II. Posterior end of the embryo, showing the anus. 
Fig. 8. Stage IV. Head end. 

Fic. 9. Same embryo as in Fig. 8. Tail end. 


Fie. 10. Stage VI. 


PEATE. II. 


Fie. 11. Stage IX, as seen from the side. 

Fig. 12. Stage XII. 

Fig. 18. Stage XIII. 

Fig. 14. Stage XIV. : 

Fic. 15. Stage VIII. Anterior end of the embryo, as seen from the ventral 
side, when cut off the yolk. Y, point where the yolk has been cut away from 
the gut. 
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EXPERIMENTAL STUDIES ON THE DEVELOPMENT OF THE 
EYE IN AMPHIBIA. 


I. ON THE ORIGIN oF THE LENS. Rana palustris. 


BY 
WARREN HARMON LEWIS, M. D. 


From the Anatomical Laboratory of Johns Hopkins University. 


YitnH 42 Text FIGURES. 


This article is intended as a contribution to the study of correlative 
embryology, 1. ¢., the influence of intra-organic environment in develop- 
ment. Our problem is to determine how far the various organs and 
tissues of an organism are dependent or independent of the various other 
organseand tissues for their origin, differentiation and growth. An 
organ may be dependent or independent (self differentiating) of other 
organs for its initial origin, or for its subsequent development, or it 
may be dependent on a series of influences for its proper development. 

It will be natural to inquire into the nature of these influences to de- 
termine if they are mechanical, chemical, electrical or unknown influ- 
ences still to be discovered. 

In the present paper I shall show: 

A. That the lens does not arise from the ectoderm without the con- 
tact influence of the optic vesicle. 

B. That the optic vesicle can stimulate a lens to form from various 
portions of the ectoderm and even from ectoderm from the abdomen 
of another species of frog, indicating thereby that there is no especial 
predetermined area of the ectoderm, which must be stimulated in order 
that a lens may arise. 

C. That various portions of the optic vesicle have the power of stimu- 
lating lens-formation. 

Spemann* has shown indirectly that the lens is dependent on the influ- 
ence of the optic vesicle for its origin from the epithelium of the skin. 
He employed the method of destroying partially or entirely the rudi- 


1Ueber Correlationen in der Hntwickelung des Auges. Verhandl. der 
Anat. Gesell., 1901. 
AMERICAN JOURNAL OF ANATOMY.—VOL. III. 
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ment of the optic vesicle by a hot needle or an electric cauterizing needle. 
This was done on the early stages of triton embryos before the closure 
of the neural canal. At this time the beginnings of the optic vesicles 
can be seen at the anterior end of the medullary plate. Their destruc- 
tion usually involves more or less injury to the neighboring parts, espe- 
cially the brain, but need not interfere with that portion of the epithe- 
lium which normally gives rise to the lens. Spemann’s experiments 
show that in some instances the rudiment of the optic vesicle was so far 
destroyed that its subsequent regeneration and growth were insufficient 
to bring it into contact with the skin epithelium. Im all such cases 
where the optic vesicle remained deep, there was absence of lens forma- 
tion on that side. If, however, the injury to the optic vesicle rudiment 
was not sufficient to prevent the more or less regenerated optic vesicle 
from touching the skin epithelium, a lens was formed at the point of con- 
tact between the optic vesicle and ectoderm. 

Herbst” likewise concludes from a study of normal and abnormal 
specimens that the contact of the optic vesicle on the ectoderm is neces- 
sary for lens formation. 


METHODS AND MATERIAL. 


In order to test these and other questions, I employed during the 
spring of 1903 a quite different method from Spemann’s, one which I 
believe is capable of extension to many other organs and tissues. One 
can, with the aid of a binocular microscope and very delicate instru- 
ments, make exceedingly minute dissections of the living amphibian 
embryo and can remove various organs, transplant them, or alter the 
normal relations and so alter the influences they exert on each other. We 
may thus determine certain correlations necessary to normal develop- 
ment. Besides this modification of Born’s* method I have found Har- 
rison’s* method of grafting different-colored species of frog embryos 
together (heteroplastic grafting) very useful. 

The embryos of Rana palustris and R. sylvatica were used for the ex- 
periments. Serial sections 10 micro mm. in thickness were made of 
the embryo in each experiment. They were stained in hematoxylin and 
Congo red. 


* Formative Reize in der Tierischen Ontogonese, 1901, p. 60. 

* Born, G. Ueber Verwachsungsversuche mit Amphibienlarven. Archiv 
f. Entwickelungsmechanik, Bd. IV, 1896-97. : 

*Harrison, R. G. The growth and regeneration of the tail of the frog 
larva. Archiv f. Entwickelungsmechanik, Bd. VII.—Experimentelle Unter- 
suchungen ueber die Hntwickelung der Sinnesorgane der Seitenlinie bei den 
Amphibien. Archiv f. mik. Anat. u. Entwickelung., Bd. 63, 1903. 
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The operations were performed on the right side and the uninjured 
left side used for comparison. All the figures were made with the aid 
of a camera lucida. 


A. WILL THE LENS ARISE FROM THE ECTODERM WITHOUT THE CoN- 
TACT OF THE OPTIC VESICLE ON THE SKIN? 


Series DF and IV. 
In the first series ° of experiments, series DF and IV, the optic vesicle 
was removed at a stage before it had had any visible influence on the skin 


leading to lens formation, and transplanted some distance caudally. The 
experiments were performed on the embryos of Rana palustris shortly 


Hire. 1. 4 HIG. 2. 


Fia.1. Outline of stage II. x8 diameters. The dotted line ab, incision for skin flap. 00, 
plane of section of Fig. 2. 


Fira. 2. Outline of section through the head of stage II in the plane, vo Fig.1. «ab, line 
along which optic vesicle was cutaway. ™X 41 diameters. 


after the closure of the medullary folds, see Figs. 1 and 2. An 
incision was made along the line ab, see Fig. 1, and the anterior skin 
flap carefully turned forward without tearing either it or the structures 
beneath. It is quite easy at this stage, as the optic vesicle is not ad- 
herent to the skin. At a later stage, however, the optic vesicle becomes 
quite firmly adherent to the skin and can scarcely be separated from it 
without tearing either one or the other, and consequently is unsuitable 
for the operations of series DF or IV. After the skin flap is laid for- 
ward and the small round optic vesicle exposed, the latter was cut off 
close to its attachment to the brain, leaving a large opening into the brain 


5 All the experiments of a series were done on embryos of an age as near 
alike as possible and as near as possible in the same manner. A certain 
amount of variation in the experiments of a series was unavoidable and 
consequently the results vary somewhat. 
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cavity. The detached optic vesicle was transplanted by pushing it cau- 
dally beneath the skin into the mesenchyme from the incision ab, Fig. 1 
and allowed to develop there. The optic stalk is not formed at this 
stage, as will be seen in Fig. 2. The optic vesicle and its cavity are 
more or less conical in shape with the base attached to the brain. The 
skin flap after the removal of tle optic vesicle is turned back to its 
original position and held there by the pressure of small pieces of silver 
wire for a few minutes. Healing is rapid and a few hours are generally 
sufficient to close the wound along the line of incision ab, Fig. 1. 


Experiment DF'5,. 


The embryo, experimented upon as de- 
scribed above, was killed two days after 


tr the operation. The sections show a well- 
formed optic cup on the left side with a 
lens about 70 in diameter. This lens is 
"9 entirely separate from the ectoderm, see 


Fig. 3. On the right side is a small regen-~ 
erated eye separated superficially from the 
ectoderm by a single layer of mesenchymal 
cells. The ectoderm is continuous over the 
region of this regenerated eye and shows no 
ss traces of changes leading to lens-formation. 
Era. 3. Experiment DF. Trans: Tf the conditions had remained normal a 


verse section through the middle of 
the regenerated.eye. - x#o diameters: lens of the diameter iol ime *monnaamame 


rg, regenerated eye. tr, cephalic end 

Of transplanted eve: would have been present, or as we shall see 
later if the regenerated eye were in contact with the skin changes leading 
to lens-formation such as are found in experiments DF,, and DF,, 
would probably be present. The transplanted portion of this eye lies 
caudo-dorsally to the regenerated eye and is quite superficial. It is 
about as large as the normal eye on the left side, has evaginated 
but shows no signs of lens-formation. I think it very probable that the 
regenerated eye would soon have stimulated lens-formation as in experi- 


ments DEF... DE. and. DE 


Experiments DF 3, DF;;, and DF,.. 


The embryos of these three experiments were killed as in DF;, two 
days after the operation. In DF,, and DF,, the regenerated optic 
vesicle is in contact with the ectoderm at which point the inner layer 
of the skin is thickened showing the first beginnings of lens-formation, 
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see Fig. 4. In experiment DF,, there is over the regenerated eye 
a large lens about 50u in diameter but still quite broadly adherent to 
the ectoderm, see Fig. 5. The normal lens of the left side is about 
70m in diameter and shows considerable advance in differentiation. 


Fig. 4. Fia. 5. 
Fic. 4. Experiment DF;;. Transverse section through the middie of the regenerated eye. 
< 45 diameters. 
Fic. 5. Experiment DF;;. Transverse section through the middle of the regenerated eye. 
< 45 diameters. 


Of four experiments of the series DF in which the embryos were 
killed two and one-quarter days after the operation, the eyes have re- 
generated sufficiently in each to reach the ectoderm and in each instance 
there is a lens, still attached to the skin in three and detached in the 
fourth. 

In sixteen embryos of the series DF, killed three days after the ope- 
ration, fourteen showed regenerated eyes of various sizes. Of these, eleven 
touch, or nearly touch the skin and ten of them have lenses and three 
of the nine are still attached to the ectoderm. Three of the regenerated 
eyes are small and separated from the ectoderm by a considerable layer 
of mesenchyme and in these the skin shows no sign of lens-formation. 
In two of the sixteen experiments no traces of regenerated eyes were 
present and there were no signs of lens-formation or of changes in the 
ectoderm indicating where the lens would have arisen under normal 
conditions with the eye present. 

Of twenty-two embryos of the series DF, killed four days after the 
operation, twenty-one show regenerated eyes of various sizes. Of these 
regenerated eyes nine touch or nearly touch the skin and have lenses, 
three of which are still attached to the ectoderm. Seven of the regene- 
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rated eyes are separated from the skin by varying amounts of mesen- 
chyme, they have lenses, three of which are still attached to the ecto- 
derm, see Figs. 16, 21, 23 and 25. Five of the regenerated eyes are 
deeply buried in the mesenchyme and probably were never at any time 
in contact with the skin, see Fig. 17. Of these five, none have lenses 
nor show any signs of lens-formation either in the ectoderm or from 
the optic cup itself. The one experiment in which no signs of a regene- 
rated eye occurred, shows no signs of lens-formation in the ectoderm 
which would have given rise to a Jens had the eye remained in its nor- 
mal position. 


FIa. 6. Geis 
Fig. 6. Experiment IV). Transverse section through the middle of the eye region. xX 60 
diameters. 
Fie. 7. Experiment IV. Outline of tadpole 5 days after the operation. The right trans- 
planted eye is seen in black. x 4 diameters. 


Of three embryos, killed four and one-half days after the operation, 
in one the regenerated eye is near the ectoderm and has a large lens, 
two are deeply buried in the mesenchyme and are without lenses. 


Experiment IV,. 


This embryo experimented on as above was killed five days after the 
operation. There is no trace of an eye in the region from which the 
optic vesicle was removed. . Mesenchyme has filled in the space which 
would normally have been occupied by the optic cup and lens so that 
there is very little difference in the size of the two sides of the head (see 
Fig. 6). 
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On the left or normal side is a large, well-formed optic cup and lens, 
but on the right side there is not a trace of a lens or of a change in the 
epithelial cells from which the lens would have arisen had the condi- 
tions remained normal. The-transplanted optic vesicle had been pushed 
somewhat deeply beneath the skin into the cephalic end of the Wolffian 
body caudal to the optic capsule (see Fig. 7). An examination of the 
section shows that some of the brain adjoining the optic vesicle was cut 
off and transplanted with it. There is no trace of a lens near this trans- 
planted optic vesicle. 

Of twenty-one embryos of the series DF and IV,, killed five days after 
the operation, fourteen have regenerated eyes and seven no traces of 
regenerated eyes or lenses. Of the fourteen regenerated eyes seven are 
more or less superficial and have 
lenses, the remaining seven are 
deeply buried in the mesenchyme 
and of these six show no traces of 
lenses. One of the deeply situated 
regenerated eyes is quite smal] but 
has a lens which is still attached by 
a long narrow pedicle to the inner 
layer of the ectoderm (see Fig. 8). 
The sections are cut obliquely to this 
pedicle and in Fig. 8 it is drawn 


from a fiat reconstruction of the sev- F1q.8. Experiment IV;. Section through 
the regenerated eye. X 33 diameters. 


eral sections through which it passes. 

One embryo, killed five and one-half days after the operation, shows 
a deeply placed regenerated eye without trace of a lens. — 

Of eleven experiments in which the embryos were killed seven days 
after the operation, ten show regenerated eyes with lenses while one 
lacks the regenerated eye and lens entirely. 

Three embryos, killed eight days after the operation, show large 
regenerated eyes with Jenses. 

Two embryos were killed nine days after the operation, both showing 
regenerated eyes, superficially situated, but in one the lens is absent. 

Two embryos were killed eleven days after the operation, one shows 
a regenerated eye with a lens, the other, experiment IV,, lacks entirely 
an eye or lens in the normal place on the right side. 


Eaperiment IV. 


The embryo of R. palustris was experimented on as described above 
and killed 11 days after the operation. There is no sign of an eye or 
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lens in the normal place on the right or operated-on side. The skin 
over this region shows no signs of lens formation. Mesenchyme has 
partially taken the place of the eye but not entirely, and there is a 
depression upon this side of the 
head (see Fig. 9). The trans- 
planted optic vesicle lies in the 
cephalic end of the Wolffian body, 
deep beneath the skin. It has 
continued enlarging, invaginating 
and differentiating, but without 
signs of a lens. 

In series DF and IV there 
Ne were ninety experiments. The 

Fig. 9. Experiment IV3. Transverse sec- embryos. were killed from two 
tion through the middle of the eye region. 
X 80 diameters. to eleven days after the opera- 

tions. In fifty-seven of the em- 

bryos there was regeneration of the eye and lens-formation. In 
several of these the regenerated eye was more or less deeply situated 
but the instances where the lens is still attached to the ectoderm by a 
long narrow pedicle give a clue to the origin of the lenses in the other 
experiments where the regenerated eye fnd lenses are not close to the 
skin. In three of the experiments where the eyes were more or less 
superficial, no traces of lens-formation are to be found. In seventeen 
experiments the regenerated eyes were deeply situated without possi- 
bility of direct contact with the ectoderm and in no instance was there 
a trace of lens-formation. In thirteen experiments regeneration of the 
eye failed and in each instance no traces of lens-formation were found. 

That the operation of turning the skin flap forward and then replac- 
ing after removal of the optic vesicle does not interfere with lens for- 
mation is evident from the numerous instances in which the regenerated 
eye has enlarged sufficiently to touch the skin and stimulate lens forma- 
tion, see Figs. 4, 5, 8, 14, 21, 23 and 25. 


Experiment XI,». 


This experiment, performed in a quite different manner from those 
above, suggests the view that the lens will not form without the contact 
influence of the optic vesicle on the skin. The skin over and about the 
optic vesicle of R. palustris of stage II (see Figs. 1 and 2) was com- 
pletely torn away and the head one-half of a slightly older embryo of 
R. sylvatica was grafted upon the denuded area by its cut end. Nine 
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days after the operation the tadpole was killed. Fig. 10 shows a condi- 
tion which did not occur in any others of this series. 'The oedema which 
commonly occurs in the grafted-on pieces of R. sylvatica seems to have 
spread to the R. palustris, and has given rise to the thick layer of 
mesenchyme between the left eye and the skin. This layer of mesen- 
chyme has prevented the optic vesicle from touching the skin, and as a 
result the lens has not formed on this side as it did in all the other 
operations of this series. The right eye, over which the graft was placed, 
projects towards the ccelom of the R. sylvatica. A lens is wanting on 
this side also, owing, I think, to the lack of contact between optic vesicle 
and skin. 


Fie. 10. Experiment XI». Section through the eye region. The two portions, one on 
either side of the line ab are drawn fron. slightly different levels in order to have the 
section pass through the middle of each optic cup. R. palustris on the right and R. 
sylvatica on the left. » 80 diameters. 


CONCLUSION. 


It is evident then that the epithelial cells which normally give rise 
to a lens do not do so when the optic vesicle fails to come in contact 
with them for a sufficient length of time or at the proper time. On the 
other hand, when the optic vesicle, entire or regenerated, comes in con- 
tact at the proper stage of development with the skin on the side of the 
head a lens generally is formed. So we must conclude, I think, that 
during normal development the lens is dependent for its origin upon 
the influence exerted by the optic vesicle upon the skin at the side of the 
head. This conclusion receives additional support from the experi- 
ments of section B of this paper in which the optic vesicle stimulated 
lens formation from skin which under normal conditions never gives rise 
to a lens. 
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B. Can the optic vesicle stimulate lens-formation from ectoderm other 
than that which normally gives rise to the lens? 


Is THERE A SPECIAL PREDETERMINED AREA OF THE SKIN WHICH 
MUST BE STIMULATED BY THE OPTIC VESICLE IN ORDER THAT A 
LENS MAY ARISE? 


Hxperiment DF. 


Two days after the operation the embryo was killed. The sections 
show a fair sized regenerated eye with a lens still broadly adherent to 
the inner layer of the ectoderm and continuous with it, see Fig. 5. This 
Jens is about 50~ in diameter while the normal one on the uninjured 
left side is about 70m in diameter, and completely separated from the 


idiwel ahle : Binge as 


Fia. 11. Experiment DF;;. Transverse section through the transplanted eye. x 45 
diameters. 

Fia. 12. Experiment DF;5. Section through the lens of the transplanted eye. Xx 200 
diameters. 

Fig. 18. Experiment DF; . Section through the transplanted eye showing an early stage 
of lens-formation. Xx 200 diameters. 


ectoderm. Figure 11 through the transplanted eye, is from a section 
130 caudal to the section indicated in Fig. 5. Here the large irregular 
transplanted eye lies close to the ectoderm, the inner layer of which is 
thickened and bent into a lens-like process about 40 in diameter. 
The cells of this lens are continuous with those of the inner layer as 
will be seen in Fig. 12.. This experiment alone is sufficient to demon- 
strate that the optic vesicle can stimulate lens-formation from strange 
epithelium and that there is no predetermined area of the skin which 
must be stimulated in order that a lens may arise. 
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Two other embryos of the series DF, killed two days after the opera- 
tion, show thickenings of the inner layer of the ectoderm over the re- 
generated eyes (see Fig. 4) and also thickenings over the transplanted 
eyes. These beginnings of lens-formation are in neither experiment so 
far advanced as found in experiment DF,,. In another experiment, 
DF,,, Fig. 3, the transplanted eye nearly touches the skin but no trace of 
of lens formation is present. 


Experiment DF 5». 

The embryo was killed two and one-quarter days after the operation. 
The regenerated eye touches the ectoderm at which point there is a 
thickening of the inner layer indicating the beginnings of lens-formation. 
The transplanted eye, which is quite as large as the normal one but 
irregular in form, lies between the regenerated eye and the otic capsule. 


Fia. 14. Fire. 15. 


Fia. 14. Experiment DF). Oblique section through the transplanted eye. X 45 diameters. 
Fig. 15. Experiment DF). Section through the lens and edge of transplanted eye. x 175 
diameters. 


At the point where it touches the ectoderm there is a thickening of the 
inner layer, the beginning of lens formation, see Fig. 13. Two other 
embryos killed at this period show the transplanted eye close to the 
skin, but lens formation is wanting. 

Of sixteen embryos in the series DF, killed three days after the opera- 
tion, twelve of the transplanted eyes are superficial and of these four 
show lenses, three are still attached to the ectoderm. ‘Three of these 
four embryos with lenses over the transplanted eyes also show lenses 
over the regenerated eyes, the fourth regenerated eye had not reached 
the ectederm and is without a lens. In four of the sixteen experiments 
the transplanted eyes are deeply situated in the mesenchyme. One and 
only one of these possesses a lens and as this lens is still attached to 
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the ectoderm by a long narrow pedicle there can be but little doubt as to 
its origin. This long epithelial process was probably formed at the time 
of the healing of the operation wound and thus gave the deeply placed 
eye a chance for contact with the ectoderm. 


Fra. 17. 


va 


Fria. 18. Fiaq. 19. 


Fic. 16. Experiment DFy. Oblique section through the regenerated eye. < 45 diameters. 

Fig. 17. Experiment DFy. Oblique section through the regenerated eye. x 45 diameters. 

Fig. 18. Experiment DFy. Section through lens and edge of transplanted eye. Xx 175 
diameters. 

Fig. 19. Experiment DFy,. Section through transplanted eye. X 45 diameters. 


Experiment DF,,. 


The embryo was killed four days after the operation. Fig. 16 from 
a section through the regenerated eye shows a lens about 40u in diam- 
eter that has apparently just broken. away from its attachment to the 
inner layer of the ectoderm. Fig. 14 is from a section 270m caudal to 
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the section in Fig. 16. The irregular transplanted eye lies between the 
otic capsule and the regenerated eye. The transplanted eye is quite 
superficial and at the place where it touches the ectoderm there is de- 
veloping a small lens, about 45y in diameter which is still broadly adher- 
ent to and continuous with the inner layer of the ectoderm. See Fig. 15. 
The section seen in Fig. 14 is cut obliquely and shows on the opposite 
side the normal left eye with a lens about 135 in diameter. Here as in 
experiment DF, two lenses are developing on the same side of the head, 
one in the normal position for the regenerated eye and the other some 
distance caudal to this for the transplanted eye. 


Experiment DF,,. 


As in the preceding, the embryo was killed four days after the opera- 
tion. The regenerated eye, deeply situated in the mesenchyme, consists 
of an optic stalk with a small knob of cells at the end, see Fig. 17. 
There is no sign of a lens in its neighborhood. The transplanted eye 
is large and superficially situated between this regenerated eye and the 
otic capsule. It has two lenses. One of them is quite small, 30m in 
diameter and still attached to the inner layer of the ectoderm, see Fig. 18. 
Fig. 19, from a section 100u cephalad to the section of Fig. 18, shows the 
second lens and a portion of the same eye shown in Fig. 18. This lens 
is about 60 in diameter and is separated from the skin by a layer of 
mesenchyme. It is most probable that this lens came from the overlying 
ectoderm, as it shows some differentiation. There are no signs of its 
having arisen from the optic cup and the lens is farther from the edge 
of the optic cup than from the skin. Experiments DF,,, see Fig. 23, 
and DF,,, see Fig. 25, illustrate clearly how such a lens might have 
arisen. 

Experiment DF,,. 


The embryo was killed four days after the operation. The regener- 
ated eye is small and deeply situated, much as in experiment DF,,. It 
shows no traces of a lens in its neighborhood or in connection with the 
overlying skin. The transplanted eye is large and quite regularly in- 
vaginated, see Fig. 20. It lies between the regenerated eye and the otic 
capsule. Lying between the outer layer of the optic cup and the skin 
is a small lens about 30 in diameter. From its position and the condi- 
tion of the overlying ectoderm it seems likely that it has been recently 
derived from the ectoderm. If it had been derived from the optic cup 
we should hardly expect it to he in this position. A slight irregularity 
on the superficial surface of the lens, a small projection from the over- 
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lying ectoderm and modification of the inner layer indicate the ectoder- 
mal origin of the lens. 


Experiment DF,;. 


The embryo was killed four days after the operation. The regener- 
ated right eye is of medium size and is separated from the ectoderm by 
a layer of mesenchyme, see Fig. 21. The lens which is about 70 in 
diameter lies in the optic cup and has apparently just separated from 
the inner layer of the ectoderm from which there is a small irregular 
projection corresponding to an‘irregularity on the superficial surface of 
the lens. The transplanted eye which les just caudal to the regenerated 
eye is as large as the normal one on the left side. It is separated from 


Fig. 20. Fira. 21. 


Fiqa. 20. Experiment DF js. Section through transplanted eye and lens. > 50 diameters. 
Fia. 21. Experiment DFy. Section through regenerated eye and lens. > 450 diameters. 
Fia. 22. Experiment DF,;. Section through transplanted eye and lens. X 100 diameters. 


the ectoderm by a thin layer of mesenchyme. Fig. 22 is from a section 
through the cephalic end of the eye and shows between the outer layer 
of the optic cup and the ectoderm a lens about 30u in diameter. It is 
impossible to determine the exact origin of this lens but the preceding 
and succeeding experiments clearly indicate that it is of ectodermal 
origin. 

Experiment DF,,. 

The embryo was killed four days after the operation. The sections 
show a rather deeply seated medium sized regenerated eye, see Fig. 23. 
The small lens is still attached to the inner layer of the ectoderm by a 
long narrow pedicle which extends through the rather thick layer of mes- 
enchyme separating the optic cup and skin. Had the embryo been killed 


F 
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FIG. 25. Fig. 26. 


Fie. 23. Experiment DFy. Transverse section through regenerated eye and lens. 
diameters. 

Fig. 24. Experiment DF y. 
sules. x 50 diameters, 

Fig. 25. 
diameters, 

FIG. 26. Experiment DF 44. 


x 450 


Transverse Section through transplanted eye and otic cap- 


Experiment DFy. Oblique section through regenerated eye and lens. x 45 


Section through transplanted eye. & 50 diameters, 
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on the left side, is invaginated and shows differentiation of the layers 

of the retina. It is deeply situated being on the mesial side of the otic 

capsule, see Fig. 24. There is no sign of a lens in connection with it. 
Experiment DF,,. 

As in the experiment above the embryo was killed four days after 
the operation. 'The condition of the regenerated eye is very similar to 
that in experiment DF,,. The medium sized regenerated eye is separ- 
ated from the ectoderm by a considerable thickness of mesenchyme. A 
small lens about 40 in diameter hes in the optic cup. It is still con- 
nected with the ectoderm by a long narrow epithelial pedicle which passes 
through the layer of mesenchyme separating the optic cup and skin. 
The sections of this embryo are cut obliquely to the stalk and in Fig. 25 
the stalk is from a composite of two sections. The transplanted eye is 
situated just in front of the otic capsule and between it and the skin is 
a considerable thickness of mesenchyme, see Fig. 26. The transplanted 
eye is about as large as the normal one on the left side. It shows invagi- 
nation and differentiation of the layers of the retina. There is no trace 
of a lens in its neighborhood. The diameter of the normal lens is about 
140p. 

The conditions found in the regenerated eyes in the above two experi- 
ments can readily be explained on the supposition that the pressure of 
the silver wire on the skin flap over the stump of the amputated eye 
was sufficient to hold the ectoderm in contact with the regenerating eye 
until the adhesion between them was accomplished. This adhesion which 
is normally followed by the development of the lens had the same effect 
in these experiments, but during the process of lens-development the 
rapidly growing mesenchyme forced its way between the eye and skin 
pushing the latter outward and separating it from the smal] eye and its 
short optic stalk. A pull was thus exerted on the inner layer of the ecto- 
derm owing to the adhesion between the lens and eye. 

Three other embryos killed four days after the operation have super- 
ficially situated transplanted eyes with lenses. Eleven embryos killed 
at the same time show deeply situated transplanted eyes without traces 
of lens-formation or lenses in their neighborhood. 

Of three embryos, killed four and one-half days after the operation, 
in two the regenerated eyes were deeply situated and without lenses. 
The transplanted eyes in these two were superficial, one has a lens and 
the other is without one. In the third experiment the regenerated eye 
is superficial and has a lens while the transplanted eye is deeply placed 
and is without a lens. 
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Experiment IV,. 


The experiments of this series (IV), as we have already noted, were 
performed on Rana palustris at a stage before there is a trace of lens 
formation and before the preliminary adhesion between optic vesicle 
and skin takes place (see Figs. 1 and 2). In this experiment the right 
optic vesicle and some adjoining brain tissue were transplanted by 
being pushed underneath the skin from the incision ab (see Fig. 1). 
Five days after the operation the tadpole was killed. Fig. 27 shows an 
outline of the tadpole when in xylol. The irregularly shaped black eye 
is some distance caudal to the normal position. In the normal position 
there is a slight depression but no trace of an eye or lens. The sec- 
tions show that one corner of the transplanted eye lies near the skin in 
the region of the otic capsule. The invagination is quite irregular, as 


F1i4. 27. Fig. 28. 
Fia. 27. Experiment IV». Outline of tadpole five daysafter the operation. Drawn in 
xylol. The transplanted eye is seen in black. x 4 diameters. 
Fig. 28. Experiment IV». Section through the plane oo, see Fig. 27. The irregular 
transplanted optic cup and the small lens are seen. X 30 diameters. 


will be seen in Fig. 28. A small lens 60 micro mm. in diameter and still 
attached to the skin by a narrow stalk hes between this superficial por- 
tion of the optic cup and the skin. The normal lens on the left side is 
about 130 micro mm. in diameter and farther differentiated than the 
right one. The sections show no trace of a regenerated eye in the nor- 
mal position on the right side nor are any changes in the ectoderm 
indicating lens formation. A section through this region is very much 
like that seen in Fig. 6. 

Of twenty-one embryos, killed five days after the operation, the trans- 
planted eyes are superficial in ten and eight of these have lenses. Of 
the eleven deeply situated transplanted eyes but one has a lens and it is 
still connected with the ectoderm by a long narrow pedicle. In two of 
the above experiments both the regenerated and transplanted eyes of the 


same embryo have lenses. 
37 
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Experiment DF;5. 


The embryo was killed seven days after the operation. There is no 
trace of a regenerated eye or lens in its neighborhood. The large and 
very irregular transplanted eye lies ventral to the otic capsule. The eye 
must have been injured gratly in transplanting and although differen- 
tiation of the retina has gone on the various layers are very much mixed 
up. This eye is very deeply situated and has two large and well-formed 
lenses, each at about the same stage of differentiation as the normal one 
on the left side. The two lenses are some distance apart, one projecting 
from the cephalic surface of the eye and lying ventro-mesially to the otic 
capsule, it measures about 140 in diameter; the other projects caudally 
and lies dorsal to the anterior end of the Wolffian body, it is about 100p 
in diameter. The normal lens on the left side is about 180» in diameter. 
Neither of these lenses could have come from the overlying ectoderm, 
they must have originated either from the optic cup itself or from epi- 
thelial cells carried from the edge of the wound into the present situation 
with the transplanting of the eye. That the extensive injury to the 
optic vesicle may have stimulated it in some way to give rise to the lenses 
is not improbable. | 

In three other embryos, killed seven days after the operation, the trans- 
planted eyes are deeply buried and without lenses. 

Two embryos, killed eight days after the operation, have deeply situated 
transplanted eyes without lenses. 

Of two embryos, killed eleven days after the operation, one lacks en- 
tirely a regenerated eye and lens and the transplanted eye is deeply situ- 
ated and without a lens. The other shows a regenerated eye with a lens 
and a superficially transplanted eye without a lens. 

There are seventy-one experiments of the series DF and IV in which 
the embryos show transplanted eyes. The embryos as we have already 
noted were killed from two to eleven days after the operation. Thirty- 
eight embryos show superficially situated transplanted eyes, that touch 
or nearly touch the ectoderm, some of them are separated from the ecto- 
derm by a thin layer of mesenchyme. Twenty-five of these have lenses 
(one eye has two lenses), nine of the lenses are still attached to the 
ectoderm; seventeen of the lenses are separate, but lie in such a position 
as to indicate that they might have come from the ectoderm. In thirteen 
embryos the more or less superficially situated transplanted eyes touch 
or nearly touch the ectoderm and are without lenses. Why the optic 
vesicles should not have stimulated lens-formation in these experiments 
cannot be determined at present. In thirty embryos the transplanted 
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eyes are deeply situated and are without lenses. In two deeply situated 
transplanted eyes lenses are present but still attached to the ectoderm by 
long pedicles. In the other embryo, however, the deeply situated trans- 
planted eye has two lenses neither of which could have come from the 
overlying ectoderm. With the exception of this last instance there is 
no indication of the origin of a lens from the edge of the optic cup. 


Series XI. 


In the experiments of series XI the skin over the right side of the head 
was completely torn away so as to expose the optic vesicle and structures 
immediately about it. This was done on Rana palustris at the same 
stage as experiments of series DF and IV, see Figs. 1 and 2. The 
anterior half or more of a slightly older embryo of Rana sylvatica was 
grafted by the cut surface onto this denuded area of R. palustris. 


Experiment XTI,,. 


In experiment XI,,; the head half of a Rana sylvatica embryo was 
grafted onto the right side of the head of a younger Rana palustris. 
The graft was placed with 
the caudal cut surface 
against the denuded area 
and held in place for about 
an hour by small pieces of 
silver wire, after which time 
fusion was fairly well estab- 
lished. The optic vesicle at 
the time of and shortly after 
the grafting projected to- 
wards the yolk and intest- Fra. 29. Experiment XI;;. Outline 9 days after 
2 i operation. ab, line of junction between R. sylvatica 
tine of Rana sylvatica. After and palustris. oc,eye. x 4 diameters. 
a few days, however, the 
right eye of R. palustris became visible beneath the skin on the ventral side 
of R. sylvatica (see Fig. 29). Nine days after the operation the embryo 
was killed. One portion of the irregularly invaginated optic cup is 
superficial and not far beneath the skin. Between it and the skin is a 
small, fairly well-formed lens, about 90 micro mm. in diameter, while 
the normal lens on the left side is about 150 micro mm. in diameter. 
It is impossible to determine if the lens of the transplanted eye has 
arisen from the skin of R. sylvatica or of R. palustris, but in either case 
it could not have come from the skin originally destined to give rise to 
it, as that was completely torn away at a period before there is any trace 
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of lens formation or even before the adhesion of the optic vesicle and 
skin. This adhesion takes place before there are any visible signs of 
epithelial differentiation for the lens. In nine other similarly performed 
experiments of this series the eye remained deeply buried for periods of 
5 to 12 days after the grafting without sign of lens formation. 

In the three following experiments of series XI, performed in the 
same manner as experiment XI,,, one corner of the optic vesicle came in 
contact with the skin and a lens has developed between the optic vesicle 
and the skin at this place. 


Fig. 30. Experiment XIz. Section through right optic cup and lens. s, sylvatica. 
p, palustris, a, region of the overlapping of the skin of Rana sylvatica by that of 
Rana palustris. n, nasal pit. x 75 diameters. 


Experiment XI4p. 


The embryo of experiment XI,, was killed 5 days after the operation. 
One corner of the optic cup has reached the surface near the nasal pit 
at about the junction of the skin of R. palustris with that of R. sylvatica 
(see Fig. 30). A small lens about 70 micro mm. in diameter lies 
between the optic cup and skin and probably has arisen from the skin 
of R. palustris close to the nasal pit. The normal lens on the left side 
measures about 100 micro mm. in diameter. 


Experiment XTI;,. 


As in experiments XI,, and XI,, the head end of a R. sylvatica em- 
bryo was grafted onto the right side of the head of a R. palustris from 
which the skin had been carefully torn off. At first the optic vesicle 
was deep beneath the graft and could be seen projecting into the dis- 
tended ceelom of the R. sylvatica, see Fig. 31. Eight days after the 
operation the tadpole was killed. One corner of the somewhat irregular 
optic cup was found to approach near the skin at about the junction of 
the abdomen of R. sylvatica and R. palustris and near to the nasal pit 
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of the latter. Here between this corner of the optic cup and a small 
skin depression is a lens about 90 micro mm. in diameter, while the 
normal left lens is 160 micro mm. in diameter. The abnormally placed 
lens on the right side is not only smaller but is less differentiated than 
the left one. 


Fia. 31. Fia. 32. 
Fig. 31. Experiment XI. Outline of tadpole drawn 8 days after the operation. ab, line 
at junction of Rana sylvatica and R. palustris. 0c, optic cup. Xx 4 diameters. 
Fiq. 32. Experiment XI;,. Outline 11 days after the operation. The right eye of R. 
palustris is seen beneath the abdomen of R. sylvatica. X 4 diameters. 


Fria. 33. Experiment XI;,. Section through the right eye of R. palustris. x 30 diameters. 


‘ 


Experiment XT,,. 


As in the other experiments of series XI, the head end of R. sylvatica 
was grafted on over the right optic vesicle and structures about it of 
R. palustris. In this experiment, however, the ventral surface Of it 
sylvatica faces in the same direction as the dorsal surface of R. palustris 
see Fig. 32. A few days after the operation the right eye of R. palus- 
tris became visible beneath the skin of the ventral surface of the abdo- 
men of R. sylvatica near its junction with R. palustris. Eleven days 
after the operation the tadpole was killed. The sections show a well- 
developed optic cup with a large, irregular lens, see Fig. 33. The 
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shape and size of the lens would indicate that it was formed soon after 
operation and that subsequent growth and shifting of the eye or of the 
graft or of both brought the eye to lie in the position seen in Fig. 15. 
The irregular shape of the lens with a long process extending out 
through the pupil and then bending towards the skin seems to me in- 
dicative of such shifting, and a pulling away of the lens from its original 
position just beneath the skin. This lens is about the same diameter as 
the normal one on the left side. 


Series XII. 


In the experiments of series XII a small piece of skin from the abdo- 
men of R. sylvatica was grafted onto the side of the head of R. palustris. 
As in series XI the skin over the side of the head of R. palustris of 
stage II was first torn off, leaving the optic vesicle and structures about 
exposed. Onto this denuded area a thin piece of skin from the abdo- 
men of a slightly older R. sylvatica was grafted. Very thin pieces of 
skin with scarcely more than the epidermis were found almost impossible 
to use, as they immediately rolled up into little balls before one could 
transfer them to the R. palustris. So it was necessary to include a 
little of the underlying mesenchyme. In most of the experiments the 
mesenchyme was too thick and prevented the underlying optic vesicle 
from reaching the ectoderm and in such experiments no lens was 
formed. 

Experiment XII,,. 

The, tadpole of this experiment was killed 7 days after the operation. 
Fig. 34 shows a lateral view of the tadpole with the irregular mass 
on the right side of the head. This mass is the grafted-on piece of the 
abdomen of R. sylvatica. I was not able to determine before section- 
ing whether the optic vesicle had been in contact with the skin. The 
sections, however, show an irregular optic cup beneath the skin of R. syl- 
vatica. The skin of R. sylvatica extends on the left from the point a to b, 
see Fig. 35. One corner of the optic cup is superficial and between 
it and the ectoderm is a small lens about 90 micro mm. in diameter, see 
Fig. 36. The normal one on the left side is about 160 micro mm. in 
diameter. It is evident that the lens must have come from the ectoderm 
overlying the optic cup, and consequently from ectoderm from the 


abdomen of R. sylvatica. We have here then the optic vesicle of R. 


palustris stimulating the lens formation from the skin from the abdo- 
men of an animal of a different species. This is not more than might 
be expected when we consider how perfect are the unions between the 
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grafts of R. palustris and R. sylvatica, and how dependent the lens is 
for its origin upon the influence of the optic vesicle. 

Harrison (see footnote 4) has shown how perfect such unions may be 
and how the lateral line sense organs starting from the head of R. syl- 
vatica may grow quite normally into the tail of Rana palustris, which 
has been grafted onto the R. sylvatica. 

Eleven other experiments of the series XII in which the embryos were 
killed in from two to eleven days after the operation show the right eyes 
deeply buried beneath the surface of the grafted-on ectoderm. In none 
are there indications of lens formation. 


Fia. 34. 


Fia. 35. Fra. 36. 

Fria. 34. Experiment XIJ;;. Outline 7 days after operation, lateral view. «ab, line be- 
tween R. sylvatica and R. palustris, the right eye of R. palustris deeply buried, it ap- 
proaches nearer the surface of the R. sylvatica ectoderm on the dorsal side. « 4 diameters. 

Fira. 35. Experiment XII. Section through the right eye of R. palustris. ab, points at 
junction of ectoderm of R. palustris and R. sylvatica. a, near the middorsal line of R. 
palustris. 1, lens. oc, optic cup. X 45 diameters. 

Fiq. 33. Experiment XII. Enlarged part of Fig. 35. l, lens. oc, optic cup. X 110 
diameters. 


The work of Colucci, Wolff, Muller and Fischel on the regeneration 
of the lens from the edge of the iris might lead one to look for a similar 
origin in some of the transplanted or deeply buried eyes in the various 
experiments noted above, but with the exception of the one experiment, 
DF,,, there are no indications of such an origin. The many examples 
of deeply buried eyes without lenses would lead to the conclusion that 
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during the early stages of development such an origin would be very 
uncommon in this species, Rana palustris. I shall show in a subsequent 
paper that quite the contrary is the case in Rana sylvatica, as in this 
species the optic cup readily gives rise to a lens from itself if prevented 


from stimulating one from the ectoderm. 
a 


CONCLUSIONS. 


These experiments lead to the conclusion that there is no especial 
predetermined area of the skin which must be stimulated in order that 
a lens may arise. 

They also lead to the conclusion that the lens is dependent for its 
origin on the contact influence of the optic vesicle on the ectoderm, for 
we find that when the optic vesicle touches the ectoderm not only under 
normal conditions but under abnormal ones that a lens arises at the 
point of contact. 

The all-important influence of the optic vesicle is brought out most 
forcibly by the demonstration of the power it possesses to cause the for- 
mation of a lens from ectoderm taken from over the abdomen of a differ- 
ent species. 


C. ARE Various PorRTIONS OF THE OPTIC VESICLE CAPABLE OF 
STIMULATING LENS FORMATION ? 


That various portions of the optic vesicle may stimulate lens forma- 
tion is clearly indicated by some of the experiments already noted, as 
where merely a corner of the optic vesicle reaching the skin is sufficient 
to cause lens formation, see experiments IV,, XI,,, XI,, and XII,,. 
This is more clearly shown by those experiments of series DF and IV 
in which the regenerated optic vesicle formed a small but fairly normally 
shaped eye with a normally shaped lens. See experiments DF,,, Fig. 4; 
DYF,,, Fig. 5; 1V;; Fig. 8; DE,» Big, 167 DE, Bigs 20; DE Mere 
DE,,, Fig. 25: 

Expervment IV,. 


The operation was performed as on the other experiments of this 
series. Three days after the operation the tadpole was killed. The 
sections show that the head is considerably flattened on the right side 
owing to the fact that the right optic vesicle is very small as compared 
with the one on the left side. One corner of this small regenerated right 
optic vesicle is in contact with the skin and here a lens is beginning to 
differentiate from the ectoderm (see Fig. 37). On the left side there 
is also a thickening of the ectoderm for the lens. The cells of the 
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right optic vesicle which are in contact with the ectoderm are not the 
ones which would have normally come in contact with the skin. Com- 
pare the sizes of the right and left eyes in Fig. 37%, which is drawn in a 
plane that passes through the center of each eye. 


Fia. 37. 
Fia. 37. Experiment I1V2. Section through about the center of both eyes. B, brain. L, 
left. L’, right lens. OV, right optic vesicle. > about 70 diameters. 
Fia. 38. Experiment [Vj:. Outline of tadpole killed 11 days after the operation. Drawn 
in xylol. t, transplanted eye. r, regenerated eye. x 8 diameters. 
Fig. 39. Experiment Vy. Section through about the center of both eyes. x 45 diameters. 


Experiment IV,,. 


The skin flap of an embryo of R. palustris of stage II was turned 
forward and the optic vesicle cut off close to the brain and consequently 
that portion of the optic vesicle which would later have become adherent 
to the skin and stimulated the formation of a lens was entirely removed. 
Eleven days after the operation the tadpole was killed. Regeneration 
of the eye had taken place from that portion of the optic vesicle still 
attached to the brain wall and a small but fairly normally shaped optic 
cup with a lens resulted, see Figs. 38 and 39. The regenerated optic 
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vesicle must have reached the skin and stimulated lens formation. The 
lens over this side is about 110 micro mm. and the normal one about 
180 micro mm. in diameter. 


Series II. 


The experiments of series II differ from those of series DF and IV in 
that the optic vesicle was destroyed and not transplanted after it was 
cut off. 


co 
Ge 


Fie. 40. Fia. 41. 
Fig. 40. Experiment II. Outline of tadpole killed 9 days after operation. Drawn in 


xylol. x8 diameters. 
Fiq. 44. Experiment IIj. Outline of tadpole. 8 diameters. 


Fig. 42. Experiment II. Section through about the center of both eyes. X 45 diameters. 


Expervment II,,. 


As in experiment IV,,, the optic vesicle was cut off close to the brain 
of R. palustris, stage IJ. The skin flap was uninjured and turned back 
into place, where it readily adhered and healed. Five days after the 
operation a large reformed optic vesicle with what appeared to be a lens 
was visible and 9 days after the operation the tadpole was killed. Fig. 
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40, drawn while the tadpole was in xylol, shows on the right side a re- 
generated eye with a lens. The eye seems normal.in shape and nearly 
as large as the normal one on the left side. The sections show a nor- 
mally developed eye except that the optic cup and lens are somewhat 
smaller in size than the normal one on the left side. 

The optic vesicle in this experiment, as in experiment IV,, was cut 
off so as to remove all of that portion which would normally have come 
in contact with the skin and stimulated lens formation. The portion 
that was left, however, has had the same power of stimulating lens for- 
mation. 

Experiment IT,). 


This experiment was performed on the same sized embryo and at the 
same time as experiment II,,. Thirteen days after the operation the 
tadpole was killed. Fig. 41, an outline of the tadpole when in xylol, 
shows the small regenerated right eye. Fig. 42, a section through 
the center of both eyes, shows the small regenerated right eye with a 
small lens. This eye and lens are apparently both normal except for 
the smaller size. The right lens is about 130 and the left lens about 
170» in diameter. In this experiment more of the optic vesicle was 
probably cut away than in experiment II,, or it may have been slightly 
more evaginated. In either case the amount of material left attached 
to the brain destined to form the optic vesicle was probably less than in 
experiment II,,. Yet here again a portion of the optic vesicle which 
was never destined to stimulate lens formation did so. 

i 
CONCLUSIONS. 


The experiments indicate that various parts of the optic vesicle may 
stimulate lens formation, which means, I think, that at this early period 
many or even all of the cells of the optic vesicle or perhaps even all of 
those which are destined to take part in its formation have the power 
of stimulating lens formation. 


GENERAL CONCLUSIONS. 


1. Neither a lens nor a trace of a lens will originate from the ecto- 
derm which normally gives rise to one if the contact of the optic vesicle 
with the skin is prevented. 

2. There is no predetermined area of the ectoderm which must be 
stimulated in order that a lens may arise. On the contrary various 
portions of the skin when stimulated by the contact of the optic vesicle 
may and do give rise to a lens. Not only will a lens arise from various 
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places on the skin as a result of the contact of the optic vesicle of the 
same animal, but the optic vesicle of one species may cause a lens to 
arise from the ectoderm of another species of frog. 
3. Various portions of the optic vesicle can stimulate lens formation. 
4. We must conclude then that in normal development the lens is 
dependent for its origin on the contact influence or stimulus of the optic 
vesicle on the ectoderm. 


DISCUSSION. 


Are there any conditions under which the lens can arise from the 
ectoderm without the stimulus of the optic vesicle? 

If we include under the term optic vesicle the cells that under normal 
conditions give rise to a distinct optic vesicle but under abnormal con- 
ditions may never evaginate from the brain wall, we can at least say that 
there is no proof to the contrary. Mencl’s* case, as Spemann suggests, 
can best be explained by considering that the optic vesicle cells still 
form part of the brain wall and that this part of the brain was at one 
time in contact with the ectoderm, and thus stimulated the lens forma- 
tion. Rabl’s‘ case can easily be explained by a shifting of the ectoderm 
and newly forming lens away from the small optic vesicle. Schaper’s ° 
experiments give somewhat similar pictures to Rabl’s. The rudimentary 
lenses in Schaper’s experiments were undoubtedly caused by the shifting 
of the ectoderm and lens, thus removing the newly forming lens from 
the influence of the optic vesicle. In reality the examples of Mencl 
and Rabl prove neither one side nor the other and the experimental evi- 
dence is all directly for the idea that a lens will not arise from the skin 
without the stimulus of the optic vesicle cells. Especially does this 
seem evident if we consider that there is a definite reaction of some 
kind between the optic vesicle and the ectoderm cells which give rise to 
the lens. 

The fact that the optic vesicle becomes quite firmly adherent to the 
ectoderm just preceding and during the early stages of lens formation 
and until after its complete separation from the ectoderm, is very sug- 
gestive, indicating perhaps that there is a protoplasmic connection of 


° Ein Fall von beiderseitigen Augenlinsenausbildung wahrend der Abwesen- 
heit von Augenblasen. Archiv f. Entwickelungsmech., XVI. 

“Ueber den Bau und die Entwickelung der Linse, I. Zeit. f. Wiss. Zool., 
Bd. 63, 1898, p. 530. 

®’ Ueber einige Falle atypischer Linsenentwickelung unter abnormen Beding- 
ungen. Anat. Anz., Bd. XXIV, No. 12, Jan., 1904. 
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some kind between the two tissues, by means of which we can readily 
imagine that an interchange of protoplasm or of certain substances in 
the protoplasm may take place. With this interchange there may take 
place a definite chemical reaction producing within the ectodermal cells 
new substances which give to them new properties, that of forming a 
lens being the predominant one. That no new substances flowing from 
the ectoderm into the optic vesicle cells are necessary for their subse- 
quent differentiation will be shown in another article. 

The contact of the optic vesicle and ectodermal cells without inter- 
change of substances may, on the other hand, produce the changes neces- 
sary for the lens formation. In whatever manner the change is brought 
about, it would seem evident that chemical changes have taken place 
within these lens-forming ectodermal cells, and that the optic vesicle 
cells by some means have been able to change the chemical nature of 
these cells, new substances being formed which are now peculiar to the 
groups of cells that show such a modified development. It would seem 
probable that the modified development was directly due to these new 
chemical substances. 

It is not unlikely that a new biological chemistry must be developed, 
its reactions being those between living tissues or between a living tissue 
and the product of a living tissue. In the example of the lens reaction 
it seems evident that living ectodermal cells must be acted upon, but it 
is not so evident that the living optic vesicle cells are necessary, as it 
may be possible to extract from them substances which will give the 
lens reaction. By means of such a biological chemistry some of the 
properties of the various tissues and organs may be discovered and per- 
haps a deeper insight into the problems of development obtained. The 
development of a biological chemistry is to be considered as but one of 
the phases of correlative embryology and in considering the correlations 
in development the mechanical factors must not be neglected. 

There are many more questions in connection with lens formation 
which suggest themselves. For how long a period does the ectoderm 
possess the lens-forming property? Are there progressive changes in 
the ectodermal cells which give to them at the proper time, and only at 
this period, the power to respond to the stimulus of the optic vesicle? 
It would seem an easy thing to determine in part at least this question. 
It seems probable that the epithelial cells of the otic capsule undergo 
such differentiation as to prevent their response to a stimulus from the 
optic vesicle leading to lens formation. The several instances in which 
the transplanted optic vesicle is in direct contact with the otic capsule 
cells without indication of lens formation would seem to suggest this 
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and to suggest also that there are at this early stage, shortly after the 
formation of the otic capsules, chemical differences between the epithe- 
lium of the skin and otic capsule. The same question may be applied 
to the optic vesicle. Before its contact with the ectoderm and again 
after invagination and differentiation have progressed, does it possess 
the power to stimulate lens formation? In a subsequent paper I shall 
show that the optic vesicle when cut away from the brain at an early 
period and transplanted to other parts of the embryo retains its power 
of progressive development, of invagination and differentiation of the 
layers of the retina. Does it lose with these progressive changes its 
power to stimulate lens formation? Some of the experiments already 
cited would seem to show that for a short time at least it retains this 
power. 

Does the reaction between the optic vesicle and ectoderm require a 
definite length of time, and will a decrease in this period influence the 
development of the lens? After the initial stimulus has been given for 
lens formation does it become self-differentiating or is continued contact 
with the optic cup necessary for the normal development of the lens? 
Normally the lens remains closely adherent to the optic cup until after 
the former has separated from the ectoderm and only when the vitreous 
humor begins to form does it separate from the retina. Is this normal 
attachment necessary for the growth and differentiation of the lens? 
Will it cease to grow or will it grow abnormally if its normal relations 
with the optic cup are altered? A few experiments which I have done 
would seem to indicate that even as late as the time of separation of the 
lens from the ectoderm the growth of the lens will be retarded if the optic 
cup is removed. The results of some experiments by Schaper* can be 
explained on the supposition that the reaction between the optic cup 
and lens is of considerable duration. In Schaper’s experiments the lens 
thickenings were pulled out of the shallow cavity of the optic cup, evi- 
dently by the dorsal growth of the ectoderm to cover the large wound 
resulting from removal of most of the central nervous system. In this 
dorsal shifting of the.ectoderm the lens rudiment was also involved. 
The lens has thus been removed from its normal intimate relation with 
the retina with the result that the lens has remained in a very rudimen- 
tary condition and in nearly all of his experiments has not even separated 
from the ectoderm. Schaper’s experiments indicate, I think, that the 
time of the lens reaction is of considerable duration and if disturbed, 
abnormal development of the Jens results. 

We have noted in the conclusions that various portions of the ecto- 
derm possess at a certain stage the lens-forming power. Are all por- 
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tions of the ectoderm at this stage equi-potential or are there only 
certain areas that have this power? Mencl’s theory that the ectoderm 
of a certain head segment has a tendency to lens formation at a certain 
developmental stage loses all its meaning when we consider that the lens 
may arise from abdominal ectoderm. The theory, which has been re- 
cently advocated again by Schaper, that the lens is a modified primitive 
sense organ, will not hold in view of the fact that ectoderm, taken from 
over the abdomen of R. sylvatica and grafted on over the optic vesicle of 
R. palustris (see experiment XII,,) did not possess at the time of opera- 
tion the primitive sense organs and yet it gave rise to a lens. Again it 
seems unlikely that in the several instances in which I have been able 
to bring about lens formation from strange ectoderm that the optic 
vesicle should have in each case come in contact with one of these sense 
organs. And again in such experiments as IV, in which the optic 
vesicle has never been in contact with the ectoderm which normally 
gives rise to a lens there is no trace of a rudimentary lens such as Schaper 
pictures. 

Weismann’s doctrine of determinents is entirely in opposition to this 
correlative character of the origin of the lens which is fatal to the view 
that embryonic differentiation is brought about through qualitative 
nuclear division during cleavage or at any later stage. It is evident 
that the lens is not predetermined in the egg and that no such things 
as “lens-biophores ” can exist in the egg nucleus, otherwise we should 
expect the lens to be self-differentiative from a specific group of ecto- 
dermal cells, and from only these cells. The adherents of Weismannism 
may take the stand that all of the ectodermal cells contain “ lens- 
biophores” which only become active on stimulation by the optic 
vesicle. Such a position is not to be seriously considered. If it is true 
that the lens is a correlative product of the ectoderm and optic vesicle 
it is very probable that many other organs of the embryo likewise 
arise from the interaction between two or more tissues or organs or 
their products. 

The recent works of Yatsu*® on Cerebratulus eggs, and of Wilson” on 
Germinal Localization in Dentalium indicates that there are progressive 
differentiating changes in the unsegmented egg. This progressive differ- 
entiation is in the cytoplasm. The mode of formation of the lens gives 
a clue to these changes. It is easy to imagine that the egg before it 
leaves the ovary is endowed with a comparatively few specific stuffs 


* Biol. Bul., 1904. 
2” Jour. of Expt. Zodlogy, Vol. I, No. 1, 1904. 
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and that through interaction of these new stuffs are formed which be- 
come localized in different portions of the egg and during cleavage into 
certain groups of cells. It is evident that this localization into groups 
of cells does not prevent farther interaction and formation of more and 
more specific stuffs, which are the determining components of the 
various organs and tissues. Thus the specific stuffs which determine the 
development of the lens are not formed until a comparatively late period 
in development. 
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NOTE ON THE CLASSIFICATION OF CERTAIN OF THE FACIAL MUS- 
CLES. By J. Puayrair McMurricu. Anatomical Laboratory, Uni- 
versity of Michigan. 

In the B. N. A. list of myological terms there is recognized among 
the facial muscles a M. quadratus labvi superioris, credited with three 
heads of origin, a caput zygomaticum, a caput infraorbitale and a caput 
angulare. These three heads correspond to what have been elsewhere, 
and especially in the English text-books, recognized as distinct muscles, 
the zygomaticus minor, the levator labii superioris proprius and the 
levator labii superioris aleeque nasi. 

There can be no question but that the B. N. A. terminology for this 
group of muscles presents from the esthetic standpoint decided advan- 
tages; but that is not the standpoint from which a classification of 
muscles should be made. If the morphological standpoint, as is proper, 
be taken, then it is clear that the B. N. A. grouping is quite artificial 
since it is known from the observations of Ruge that, while the caput 
zygomaticum and the caput angulare are derivatives of the superficial 
layer of the muscle sheet which gives rise to the facial muscles and may 
be regarded as differentiations of the orbicularis oculi, the caput infra- 
orbitale, on the contrary, is derived from the deep layer and may be re- 
garded as a differentiation from the orbicularis oris. 


A BONY SUPRACONDYLOID FORAMEN IN MAN, WITH REMARKS 
ABOUT SUPRACONDYLOID AND OTHER PROCESSES AT THE 
LOWER END OF THE HUMERUS. By THomas DwicuHt. Anatomi- 
cal Department, Harvard Medical School. 


A supracondyloid foramen completely bounded by bone, observed in 
a white woman, was described. No other such case has been recorded. 

The median nerve went through the foramen, the artery over it. This 
foramen did not have the appearance of an ossification of a band of con- 
nective tissue occurring late in life, but was probably laid down in ear- 
tilage. The early ossification of the supracondyloid processes points to 
this as does the shape of the arch in this case and an observation of Tand- 
ler’s. 

A process from the anterior border of the humerus was described, in 
connection with which was discussed Solger’s views, according to which 
it would be a middle or anterior supracondyloid process. Barkow’s ex- 
ternal process was discussed, the difficulty of its interpretation consid- 
ered and the conclusion reached that it is probably of no significance. 
The difficulty of accounting for supracondyloid processes and similar 
anomalies on the theory of reversion alone was considered. 
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THE CAUSE OF INVERSE SYMMETRY. By E. G. Conxuin. Zoological 
Department, University of Pennsylvania. 


ON THE RELATION OF GASTRIC AND INTESTINAL EPITHELIUM. By 
Ropert R. BENSLEY. Hull Laboratory of Anatomy, University of Chi- 
cago. 


(Read by title. ) 


ON THE RELATION OF MOTOR ENDINGS OF NERVES TO THE SAR- 
COLEMMA IN THE MUSCLE OF THE FROG, AND ON THE NA- 
TURE OF THE SO-CALLED ULTRA-TERMINAL FIBRILLAE OF 
RUFFINI. By JouHn G. Witson. Hull Laboratory of Anatomy, Uni- 
versity of Chicago. 


(Read by title. ) 


° 


ON THE DISTRIBUTION OF THE ELASTIC TISSUE IN THE HUMAN 
LARYNX AND ON THE NATURE OF THE ANTERIOR INSER- 
TION OF THE LIGAMENTUM VOCALE. By Dean D. Lewis. Hull 
Laboratory of Anatomy, University of Chicago. 


(Read by title. ) 


THE LOCALIZATION OF THE LECITHIN CONTENT OF THE RED 
BLOOD CORPUSCLES. By Preston Kyes. Hull Laboratory of Anat- 
omy, University. of Chicago. 


(Read by title. ) 


THE BRAINS OF THREE BROTHERS. By Epw. ANTHONY SPITZKA. 
Columbia University, New York City. 


Opportunities for demonstrating the influence of heredity in the con- 
figuration of the human brain are exceedingly rare; adult material of 
this kind has only once before been described, and by the same writer, 
before this association three years ago in the case of the brains of the two 
distinguished physicians, Seguin father and son. It may be remem- 
bered that in the Seguin brains there were found some notable resem- 
blances which could be attributed to hereditary transmission. The writer 
again had the good fortune to test the question of encephalic morpho- 
logical transmission in the brains of three brothers recently executed 
together in New York State. In the search for positive evidences of 
hereditary resemblance, only such parts of the cerebrum as are subject 
to great range of variation in different brains could be depended upon 
to support the proposition; it was found, in fact, that peculiarities of 
anatomical configuration of this class, uncommon enough in the general 
run of brains as they come to the hands of anatomists, were similarly 
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reproduced in the three brains. Principal among these are: the un- 
usual form of the paroccipital fissure, confluent with the occipital by 
the cephalic stipe, separated from the parietal fissure by a slightly sub- 
merged paroccipital isthmus, and characterized in each case by an oper- 
culation such as the writer had never before seen in quite the same form 
in any other brain among 200 examined carefully for just this point. 
Striking similarities also occur elsewhere, as in the separation of the 
paracentral from the supercallosal, in the form of the postcentral, of the 
supercentrals and superfrontals, compared according to sides and many 
other features. 


A NOTE ON THE TRUE WEIGHT OF THE HUMAN LUNGS. By Epw. 
ANTHONY SpitzKa. Columbia University, New York City. 

In six criminals executed by electricity, the weight of the lungs was 
found to be much below the averages generally given in the text-books. 
The differences due to two peculiar conditions attending this mode of 
death, namely, non-coagulation of the blood and contraction of the 
vessel walls. With this the sudden closure of the glottis, the contraction 
of the thoracic cavity, and other phenomena all help to bring about a 
nearly bloodless condition of the lungs, so that we are enabled to ascer- 
tain the actual weight of lung tissue only, not, as in ordinary death, of 
a variable amount of blood and serum as well. 

The table follows: 


Age. Grams. 7 4 Ounces 
CZOVZ OSTA oS tasre ole ore aoe 29 220 241 fate 8.5 
MUN CKOLSK. Gielen deniers ae 41 230 260 8.5 Ob 
Wao: Wise WEES edits bo tree oneraie 27 320 356 1S 12.5 
ESSN crassa ot avec nv deo ayeteee 23 280 310 9.9 10.9 
GAIMAT  siocecpersrs ceucts ote ee 31 216 248 7.6 8.7 
IDSTUIUTS) eee ara SeeBicciet ttn oc 30 ae 269 as 9.5 


The weight of the lungs themselves then more nearly approximate 
7 and 8 ounces respectively than 20 and 22 ounces as usually given. 


THE BIMERIC DISTRIBUTION OF THE SPINAL NERVES IN ELASMO- 
BRANCHII AND URODELA. By Cuartes R. BARDEEN. The Johns 
Hopkins University, Baltimore. 


In those vertebrates in which a definite metameric segmentation is 
maintained in the body-wall, as in the Elasmobranchii and Urodela, the 
cutaneous nerves of the trunk and tail reach the skin through the myo- 
septa. ach is distributed anteriorly and posteriorly to the myoseptum 
through which it passes. In Urodela and Elasmobranchii, in those 
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regions of the body-wall in which the muscle fibers pass from myoseptum 
to myoseptum, the motor nerves for the muscle fibers are distributed 
through plexuses lying in the myosepta. ach spinal nerve gives rise to 
a plexus in the septum through which it sends cutaneous branches to the 
skin. From the plexus, motor fibers pass to each myotome bordering on 
the myoseptum. Occasionally a single nerve fiber may be seen dividing 
and sending one branch to the myotome anterior to the septum and the 
other to the myotome posterior. As a rule, the muscle fibers are inner- 
vated at their extremities where they are attached to the septum. The 
“ basket-like ” terminations about the tips of the muscle fibers described 
by Giacomini (Monit. Zool. Ital. IX, 92-95, 105-110) as sensory endings 
in the musculature of the body-wall and tail of teleosts, elasmobranchi 
urodelans and the larve of anurans and urodelans were probably motor 
and not sensory endings. They correspond to the endings recently de- 
scribed by Ceccherelli (Arch. Italiano di Anatomia e Embriologia II, 
p- 80-86, 1903) on certain muscle fibers of the tongue of the frog. Ret- 
zius (Biol. Untersuchungen, III, 1892) has pictured the termination of 
motor fibers near the extremities of muscle fibers in Elasmobranchii and 
the bilateral distribution of the fibers of the septal plexus in Myxine 
glutinosa. 

Those morphologists who maintain that each spinal nerve forms with 
the myotome of its correspending segment in the vertebrate embryo a 
neuromuscular union maintained throughout subsequent development 
should take into consideration the intersegmental position and the bi- 
meric distribution of the motor as well as of the sensory elements of the 
spinal nerves in vertebrates in which metameric segmentation is strictly 
preserved in the body-wall. 


THE MESONEPHROS OF A THREE WEEKS HUMAN EMBRYO. By 
SUSANNA PHELPS GAGE. 

In the specimen under consideration (No. 148 of the Mall collection 
of Johns Hopkins University), which is of about 19 days’ development, 
the prominent Wolffian ridge shows what is probably the remnant of the 
pronephros, consisting of a single pronephric funnel with a short duct 
extending cephalad from it; a series of 16 mesonephric tubules; a 
condensation of tissue representing the metanephros; and a Wolffian 
duct which has its beginning at the first mesonephric tubule, separated 
by a considerable space from the pronephric remnant, and extends to 
the cloaca. 

The mesonephric tubules are in a stage hitherto undescribed in the 
higher mammals. The first seven present the typical S-shape with 
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a closed Malpighian corpuscle near the crest of the Wolffian ridge and 
opening into the duct. The last of this set appears as though just cut 
off from the coelomic epithelium. The remainder of the tubules do not 
open into the duct. The first and the fourth to the seventh either open 
by a clear funnel to the coelom or are continuous with the coelomic epi- 
thelium near the crest of the ridge. The second, third and last of the 
tubules are hollow like the rest but connect neither with the coelomic 
epithelium nor with the duct. Wax reconstructions were made of the 
entire Wolffian ridges and of individual tubules. The evidence is posi- 
tive that there is a transitional condition lying between the two speci- 
mens also belonging to the Mall collection described by MacCallum. In 
one of these (15 days) there is a duct with thorn-like processes and no 
coelomic funnels. In the other (21 days) all the tubules are of the 
typical S-shape. A specimen of the Mall collection, of perhaps 17 days, 
shows a condition approximating that of a kitten and shark which were 
modeled and in which the tubules, although very simply curved, showed 
the continuation from coelomic epithelium to the sub-spherical body and 
from the latter to the Wolffian duct. Such a continuous tubule is not 
realized in No. 148, a part of the tubules having lost connection with the 
epithelium of the coelom, a part not having attained connection with the 
duct. 


' EPITHELIUM OF THE UTERUS AND FALLOPIAN TUBE IN MAMMALS. 
By Srtmon Henry GAGE. Department of Histology and Embryology, 
Cornell University. 

A careful examination of text-books in anatomy and _ histology 
brings out the fact that the statement is made in all of them that the 
Fallopian tube or oviduct in mammals is lined throughout by a ciliated 
epithelium. The statement is equally definite that the epithelium of 
the entire uterus is also ciliated. Occasionally there are statements con- 
cerning differences occurring in certain physiological conditions of the 
uterus. Whenever anything is said concerning methods, as in Kolliker, 
6th ed., vol. III, p. 581, it is stated that the cilia of these ciliated cells 
are exceedingly difficult of preservation. The present investigation 
shows: (1) That the oviduct in young mammals is lined by a simple 
columnar epithelium which may be wholly non-ciliated or there may be a 
limited number of ciliated cells on the fimbrize next the ovary. (2) In 
mature animals, as the bat and the mouse, the beginning of the oviduct, 
that is the fimbriz of the pavilion and the folds of the ampulla may be 
lined by ciliated epithelium, the rest of oviduct may be non-ciliated. In 
human beings the oviduct, during maturity, appears to be lined through- 
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out by ciliated cells, but there may be a few non-ciliated cells throughout 
the whole extent and especially in the isthmus near the uterine ostium. 

The uterus was not found lined by a continuous ciliated epithelium in 
any animal, and not in man. Ciliated cells were found scattered over the 
surface, sometimes singly and sometimes in small groups. Apparently 
only about one cell in 15 or 20 was ciliated. 

Ciliated cells with their cilia were found no more difficult of preserva- 
tion in isolation preparations and sections from the oviduct and uterus 
than from other situations, e.g. the trachea. 


HEMOLYMPH GLANDS IN DOMESTIC ANIMALS. By Mr. F. G. Waite. 
Department of Histology and Embryology, Cornell University. (Com- 
municated by Proressor Simon H. GaGe.) 

Besides verifying the presence, as previously reported, of hemolymph 
glands in man, horse, ox, sheep, pig and rat, I have also found them in 
cat, rabbit, red squirrel (Sciurus hudsonicus) and chipmunk (Tamais 
striatus). In the cat they were found in the cephalic portion of the 
thorax, near the renal vessels, and in the prevertebral region posterior to 
the kidneys. Five were examined, in each of which these glands were 
found. In the rabbit very few occur. From the six examined, hemo- 
lymph glands were obtained in two cases. In one they were found in 
the thorax near the carotid arteries, in the other near the vena cava, pos- 


terior to the kidneys. In a single red squirrel examined these glands ° 


were found near the thyroids, in the thorax near the carotid arteries and 
in the pelvic region. 

In the chipmunk they were found at the branching of the renal ves- 
sel. Histological examination was made in every case to determine the 
true nature of the gland. 

In the horse many large hemolymph glands were found in the anterior 
portion of the thorax, a few between the aorta and dorsal vertebre, many 
near the kidneys and a few in the pelvic region and in the mesocolon at 
its visceral attachment. 

Very little difficulty is experienced in identifying, from the gross ap- 
pearance, hemolymph glands in ox, sheep and pig, as their dark red color 
forms a marked contrast to the prevertebral fat in which they are found 
in large numbers. In man and horse one is less sure in thus identifying 
them, while in the other animals mentioned it is usually necessary to 
resort to an histological examination. 

The glands of the horse offer very favorable material for the study of 
the histology of these structures. For laboratory purposes, however, 
material is most easily obtained by getting from the butcher the tra- 
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chea, heart and lungs of a sheep or calf. The hemolymph glands cannot 
be missed as they appear like blood clots in the fat. The best staining 
results were obtained when mercuric chloride was used as the fixing 
agent. Sections cut in paraffin were stained in saturated alcoholic solu- 
tion of eosin and then in a saturated aqueous solution of methylene blue 
made slightly alkaline, dehydrated with neutral 95 per cent and absolute 
alcohol or with absolute alcohol alone and cleared in xylene and mounted 
in neutral Canada balsam. 


THE DEVELOPMENT AND MORPHOLOGY OF THE URINIFEROUS 
TUBULES OF CERTAIN MAMMALS. By G. Cart Huser. Depart- 
ment of Histology and Embryology, University of Michigan. 


THE ODORIFEROUS GLANDS OF THE HUMAN AXILLA. By Wrtiam 
KEILLER. (Histological report by Dr. M. CHARLOTTE SCHAEFER.) Medi- 
cal Department, University of Texas, Galveston, Texas. 


REPORT OF A CASE OF SUPERNUMERARY MAMMARY GLANDS IN 
THE AXILLAE OF A WOMAN (with specimens). By WitLiaAmM KEIL- 
LER. Medical Department, University of Texas, Galveston, Texas. 


THE EMBRYONIC DEVELOPMENT OF THE INTERSTITIAL CELLS 
OF LEYDIG. By R. H. Wuireneapd. University of North Carolina. 
AMERICAN JOURNAL OF ANATOMY, Vol. III. 


A DESCRIPTION OF THE GROSS ANATOMY OF THE ADULT HUMAN 
BRAIN. By Bern Bupp GALLAUDET. Columbia University, New York 
City. 

Basis of description: Forty adult human brains, upon which gross 
work only was done. This comprised comparisons with each other of 
(1) medisections of the diaccele; (2) transections, dorsiventral, along 
entire dorsal surface of thalamus; and (3) specimens of the thalamus 
itself, obtained by peeling off “hemisphere” from its lateral surface, 
and tegmental fibers of mesencephal from its ventral surfaces. 

Those points only will be given which are not found in the usual de- 
scriptions. 

The thalamus is wedge-shaped and has four surfaces, a cephalic bor- 
der and a rounded caudal extremity, the pulvinar. The surfaces are 
dorsal, ventral, mesal and lateral. 

The cephalic border is the angle of the wedge and is common to both 
the lateral and mesal surfaces. From it these surfaces diverge caudad. 
This divergence gives a triangular outline to both the dorsal and ventral 
surfaces. 
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The outline of the lateral surface resembles closely that of the mesal 
surface, as seen in medisections of the diaccele. But its plane is at such 
an angle (dorsiventral) to that of the mesal surface as to make the area 
of the dorsal surface almost three times greater than that of the ventral 
surface. ‘The entire lateral surface is in relation with the internal cap- 
sule of the hemisphere. 

The mesal surface is the wall of the diacele. Its ventral border, 
cephalad, joins the ventral extremity of the cephalic border of the thala- 
mus at an angle situated just laterad to the apex of the tuber or where 
the infundibulum descends. 

The pulvinar is a curved (convexity caudad) four-sided area connect- 
ing dorsal and ventral surfaces. The dorsal boundary, the same as the 
caudal border (“base”) of the triangular dorsal surface, is much longer 
ento-ectally than its ventral boundary, 7. e. the caudal border (“ base”) 
of the triangular ventral surface, because of the angle—already men- 
tioned—of the plane of the lateral surface to that of the mesal surface. 

For the same reason, the plane of the lateral boundary of the pulvinar 
converges dorsiventrad to that of the mesal boundary; while these boun- 
daries themselves are curved (like the pulvinar), each one uniting (cau- 
dad) the following borders between surfaces of the thalamus: the lat- 
eral one, the border between dorsal and lateral surfaces with that be- 
tween lateral and ventral surfaces; and the mesal one, the border between 
dorsal and mesal surfaces with that between mesal and ventral surfaces. 
Laterad to the lateral boundary of the pulvinar extends a process of thala- 
mus into the ecto (pre) geniculum. 

The dorsal surface of the thalamus, caudad, curves into the pulvinar. 
Cephalad, this surface presents the “anterior tubercle,’ laterad and 
mesad to which are the borders between respectively the lateral and dor- 
sal surfaces, and the dorsal and mesal surfaces; while cephaloventrad to 
which, these borders unite into the cephalic border of the thalamus. 

The ventral surface of the thalamus, narrow, triangular and concave 
ventrad, has for its “base” or caudal border the ventral boundary of 
the pulvinar. It presents, caudo-cephalad, three areas: (1) The caudal, 
practically the ento (post) geniculum. (2) The medial, entirely occupied 
by tegmental fibers. (3) The cephalic, which is that portion of gray 
matter commonly included in the “tuber cinereum.” More exactly, it 
is the lateral area of the so-called “ tuber cinereum,” the mesal area of 
which, the tuber, is part of the floor of the diaccele and is continuous 
dorsad with the terma. This lateral area of the “tuber cinereum,” or 
cephalic area of the ventral surface of the thalamus, has been observed 
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by Wilder and called by him simply the “ raised unnamed area at either 
side of the tuber.” 

The cephalic border of the thalamus as a whole, lies just caudad to 
the “head” of the cauda striati along the entire curved (concavity 
caudad) course, ventrad, of the latter to the base of the brain. 


TWO SKULLS OF LARVAL NECTURUS. By Rosert J. TERRY. Washington 
University, St. Louis, Mo. 


The skulls described are of larve, 49.5 and 22.5 mm. long. The study 
was begun by Dr. B. F. Kingsbury, who gave his attention for the most 
part to the development of the bones. When the work was taken up by 
me a review of the chondrocranium was made in which it was found 
that the conditions present agreed in most respects with the descriptions 
of Winslow and Miss Platt for stages of about the same age. It seems 
to me, however, that there are some indications of the presence of occipi- 
tal plates, and in regard to the ledge that grows over the facial and 
palatine nerves and through which the cephalic division of the auditory 
passes, it appears to me to be the primary floor of the otic capsule in 
this region, and this view is supported by the fact that the prodtic bone 
in its development extends into this ledge first and not into that cartilage 
upon which the nerves rest. 

The bone called squamosal by Huxley, and likened to a boomerang, 
appears as a small scale in membrane over the region of the external 
semicircular canal and overlaps the otic process of the quadrate; a long 
ligament connects it with the otic operculum. The quadrate ossification 
is remarkable in having its dorsal half ossify in membrane, while the 
ventral end is a ring of bone formed in the quadrate cartilage beneath a 
layer of superficial, loosely-arranged cells. - 


SOME PRACTICAL ILLUSTRATIONS IN EMBRYOLOGY. By EpmunpD W. 
Hotmes. Philadelphia, Pa. 


(Read by title.) 


DESCRIPTIONS OF A METHOD FOR PREPARING BRAINS USED IN 
CLASS DEMONSTRATIONS (with specimens). By ADDINELL HEw- 
son. Jefferson Medical College, Philadelphia, Pa. 


These brains were prepared in subjects received at random in different 
seasons of the year in periods varying from three to ten days after death. 
Bodies were injected by the following formula, from either the carotids 
or the femorals: 
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ATSeEDALE OL SOME ets ce croreitenoe cree Cae oer Gore eee eee 2 kilos 
Nitrate jot cPotasihns 2eno ee ras okies: cicero 1 kilo 

GUY COLIN sistas Ses tweeter ek a oer ares CET: 2000 ce 
Wailer oie oi iace suserre maton oversee eis, roi a eta ee nee 7700 ce. 
Hormaldehyde: (40@ ssolution).< 2%. oayee ve einai ora 2 150 ce. 
CarbolievAcideiGNowdl > DelasiCrystals)i. oe eee 150 ce. 


This solution was made by boiling the nitrate of potash, arsenate of 
soda, carbolic acid and water until the salts were dissolved completely ; 
when cold the glycerine and formaldehyde were added, together with 
sufficient quantity of thymol to saturate the solution. The body was 
injected with from two to three gallons of this solution and placed in 
cold storage and allowed to remain until needed (the arteries having been 
injected with a starch solution colored with light English vermilion 
twenty-four to thirty-six hours after the preservative solution was used). 

The brains exhibited were removed from the skulls and placed in the 
above solution minus the glycerine, but with sufficient formaldehyde 
added to make five per cent. The brains were allowed to remain in this 
solution from twenty-four to thirty-six hours in order that the formalde- 
hyde might permeate the deeper structures. At the end of this time five 
per cent more of formaldehyde was added and the brains stored perma- 
nently. The effect of such procedure was to present a brain with marked 
differences in color between the cortex and medullary substance and a 
sharp definition given to all the gangha. ‘The brain was in condition 
to be very readily handled without detriment to its substance, and one 
of the brains presented had been used in demonstrations and was in 
good condition still. 

The author has used this injection in the preparation of foetal bodies 
but could not give any information in regard to the effect upon fcetal 
brains, but judging from the hardening effect upon the body injected 
and immersed in the same fluid, the amount of formaldehyde should not 
‘be more than one-half percent. 


THE INTRA-EMBRYONIC BLOOD VESSELS OF RABBITS FROM 8% TO 
13 DAYS. By Freperic T. Lewis. Harvard Embryological Laboratory. 


From the network of vessels in the splanchnopleure of the yolk sac, 
all intra-embryonic vessels are apparently derived as offshoots. The net- 
work ends medially in the two aorte. With the formation of the 
pharynx, this net is so folded as to produce dorsal and ventral aorte 
with the connecting first arch. The ventral aorta is continued pos- 
teriorly in turn by cardiac vessel and vitelline vein. The vitelline vein 
then bridges the coelom and sends sprouts forward and backward in the 
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somatopleure. The forward branch becomes the anterior cardinal vein ; 
the posterior branch, incorporating in its progress prolongations of the 
intersegmental arteries, becomes the umbilical vein. The umbilical vem 
sends branches toward the aorta, into the posterior limb and less dis- 
tinctly into the anterior limb. A longitudinal anastomosis of these ves- 
sels, uniting with a sprout from the venous end of the heart, produces the 
posterior cardinal vein, which then is cut off from the umbilical vein, 
carrying with it the veins from the limbs. ‘The transverse veins extend 
from near the duct of Cuvier to the ventral side of the visceral arches, 
forming a transverse anastomosis. They are found as early in develop- 
ment as the posterior cardinal veins. The superior mesenteric vein 
develops as a new branch and is not a persistent vitelline vein. The 
vitelline arteries exist before the segments form and are not segmental 
structures. The irregular, small arteries around the fourth entodermal 
pouch do not, as Zimmerman believed, form a distinct aortic arch. 


EXPERIMENTAL STUDIES ON THE DEVELOPMENT OF THE EYE IN 
AMPHIBIA: By WarREN H. LEwIs. Department of Anatomy, Johns 
Hopkins University. 

Spemann’s experiments on triton, which were performed by punctur- 
ing the eye-spot before closure of the medullary folds, indicate that the 
lens is dependent on the influence of the optic vesicle on the skin for 
its origin. For if the eye is destroyed, the lens fails to develop, but if it 
regenerates and touches the ectoderm a lens is formed, while if it regen- 
erates and remains deeply buried no lens forms. Such deeply buried 
optic vesicles may invaginate and the optic cup form without the presence 
of the lens. Without the eye, the clearing of the epithelium for the cor- 
nea is absent. 

To test these and other points, I employed, during the spring of 1903, 
a quite different series of experiments. By use of the binocular micro- 
scope one can make minute dissections of the living amphibian embryo 
and can remove various organs, transplant them or alter the normal 
relations, and so alter the influences they exert on each other. We may 
thus determine certain correlations necessary to normal development. 

The first series of experiments was to turn forward a skin flap from 
over the optic vesicle of Rana palustris and then to remove the optic 
vesicle. These operations, as also those in most of the other series, were 
done before any trace of lens formation was present, that is, shortly after 
closure of the neural folds. When the optic vesicle failed to regenerate, 
the lens was absent. If the eye regenerates sufficiently to come in con- 
tact with the skin a lens will form. If the regenerated eye is deeply 
buried, it may invaginate, but a lens does not form, 
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In a second series of experiments performed as above, .the optic cup 
was transplanted to more caudal portions of the embryo. In one experi- 
ment the eye remained superficial and a lens developed between it and 
the skin. The deeply placed eyes failed to develop lenses, but they con- 
tinued to grow, invagination and differentiation of the layers of the 
retina taking place. 

In a third series, the skin was completely torn away from over the 
optic vesicle and a piece of skin from the abdomen of Rana sylvatica 
grafted onto this denuded area. In one of the experiments, the optic 
vesicle succeeded in touching the skin and stimulating lens formation. 
In the other experiments, the optic vesicles remained deep in the mesen- 
chyme but continued to develop, invagination and differentiation of the 
layers of the retina occurring, but the lens failed to form. 

In a fourth series of experiments, the head or tail of half of a 
slightly older embryo of R. sylvatica was grafted by its cut surface onto 
the denuded area over the side of the head of R. palustris. The optic 
vesicle was thus made to project toward the coelom or yolk of R. sylvatica. 
In most of the experiments, the eye remained deeply buried; in all such a 
lens failed to develop, but in many, invagination went on and the layers 
of the retina developed. In a few experiments, the position of the eye 
altered and it touched the ectoderm, stimulating lens formation from 
ectoderm near the junction of R. palustris and R. sylvatica. 

From these experiments, we may conclude: (1) The lens is abso- 
lutely dependent for its origin on the influence of the optic vesicle on 
the ectoderm. (2) There is no predetermined area of ectoderm which 
must be stimulated in order that a lens may arise; the ectoderm is 
probably equi-potential as regards its lens-forming power; more than 
this even, the ectoderm of R. sylvatica is equi-potential with that of 
R. palustris in this regard. (3) As after cutting away that part of the 
optic vesicle which normally stimulates lens formation, the regenerated 
eyes of various sizes will stimulate lens formation, it seems probable that 
various portions of the optic vesicle have this power. (4) The lens is 
not necessary for the invagination of the optic vesicle, nor are attachment 
to the brain and the normal surroundings at the side of the head neces- 
sary. 

Although an optic cup forms without the presence of a lens, the 
chambers of the eye fail to develop and the lack of a vitreous humor is 
especially noticeable and mesenchyme fills in the small irregular cavity. 
The absence of a vitreous humor accounts for the small cup cavity, the un- 
expanded eye and the thick layers of the retina. The same number of 
layers develop but they are often twice as thick as normal. 
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The cornea fails to develop when the optic vesicle is entirely removed. 
Over the regenerated eye with lenses, a cornea develops normally except 
for size, which is small to correspond to the small regenerated eyes. If 
the optic cup is torn out after the lens has separated from the skin, a 
small area of clear epithelium will develop immediately over the undis- 
turbed lens. Such clearing for the cornea will also develop over an 
optic cup from which the lens has been extracted, but not in all cases. 

The vitreous humor develops only when both lens and optic cup are 
present and in about their normal relations. 

We have here one tissue influencing another during the course of 
development, and from this a new structure, the lens, arises. It seems 
likely that there is a definite chemical reaction between certain substances 
of the optic vesicle and certain substances of the ectoderm cells, which 
results in the formation of new substances within the lens cells, and that 
these substances give to the lens its peculiar characters and mode of 
development. 


THE HEAD CAVITIES OF CERATODUS FORSTERI. By E. H. Gregory. 
Department of Anatomy, University of Pennsylvania. 


(Read by title.) 


THE DEVELOPMENT OF THE LUNG OF CHRYSEMYS PICTA. By WIL- 
LIAM S. Minter. University of Wisconsin. 

If the lung of an adult C. picta be blown up, dried and cut open 
longitudinally, it will be seen that seven distinct compartments, which 
for convenience we will call air sacs, can be recognized; four of these 
air sacs are larger than the other three. The three smaller air sacs are 
situated on the mesial side of the lung between the first and fourth, 
which occupy the cephalic and caudal ends of the lung. It will further- 
more be seen that as we pass from the anterior to the posterior end of 
the lung the air sacs become less and less complicated in structure. 

The same holds true for the lung in its development; the more anterior 
the air sac is situated the more complicated is its structure. The fourth, 
or caudal air sac, although it can be recognized earlier than the fifth, 
sixth and seventh, is much simpler in structure if studied in its entirety. 

In the youngest embryo I have studied, the two primary lung buds 
had already been formed as hollow outgrowths from the embryonic 
bronchi; these form the first or most anterior air sac. From the caudal 
end of this enlargement a bud arises, which gradually grows caudad and 
forms a nearly straight tube which presents successive enlargements that 
ultimately develop into the second, third and fourth air sacs. 
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By the time these four air sacs are established the fifth, or the most 
anterior of the smaller air sacs, may be seen arising from the mesial side 
of the bronchus between the first and second air sacs. In rapid success, 
sion the sixth and seventh air sacs are formed, the sixth arising from 
the bronchus between the second and third, while the seventh arises from 
the bronchus between the third and fourth air sacs. 

While this gross division of the lung into air sacs has been taking 
place, various septa have been formed in the individual air sacs and the 
characteristic appearance of the adult lung is established. 


ON THE ORIGIN AND DESTINATION OF FIBERS OF THE OCCIPITO- 
TEMPORO-PONTINE BUNDLE (TURCK’S BUNDLE, MEYNERT). 
By E. Linnon Metius. Department of Anatomy, Johns Hopkins Uni- 
versity. 

In a circumscribed experimental lesion of the cortex of the temporal 
lobe in the monkey, involving the first and second temporal convolutions 
projection fibers degenerated, passing by way of the sub-lenticular seg- 
ment of the internal capsule to the pes pedunculi, where they occupy the 
external fifth (occipito-temporo Briickenbahn, Flechsig: sensory tract, 
Charcot and others). To reach the pes these fibers break through the 
inferior portion of the lenticular nucleus in small bundles, pass around 
the external geniculate body just above the point of exit of the optic 
tract and enter the pes external to those fibers which form the posterior 
extremity of the internal capsule as it passes between the thalamus and 
the lenticular nucleus. Instead of turning downward toward the pons, 
like the capsular fibers, they pursue a course obliquely backward and 
slightly downward and, after a very short course in the pes, disappear, 
apparently passing to the anterior quadrigeminal body. 


DEMONSTRATION OF FURTHER INSTANCES OF PARIETAL DIVISION. 
By ALES Hrpticka. United States National Museum. 


THE RELATIVE PROPORTIONS OF THE INTRACRANIAL FOSSAE IN 
DOLICHOCEPHALY AND BRACHYCEPHALY. By Atres HRDLICKA. 
United States National Museum. 


TOPOGRAPHICAL ANATOMY OF THE THORACIC AND ABDOMINAL 
VISCERA AS TAUGHT IN THE DISSECTING ROOMS OF CORNELL 
UNIVERSITY AT ITHACA, N. Y. By Apram T. KeErg. Cornell Uni- 
versity. 


(Read by title.) 


Topography of the thoracic and abdominal organs is worked out care- 
fully on the dissecting room bodies. 


Prozeedings of the Association of American Anatomists XVII 


Bodies are embalmed with equal parts 95 per cent carbolic, 95 per 


cent alcohol and glycerine, which hardens the solid and hollow viscera 


. 80 


to 


that they retain the exact form and relations. 
Students make series of drawings showing the relations of the viscera 
each other and to the surface. They compare conditions found in 


the body they dissect with the normal of the text-books and models. 


After completing the dissection of the thorax and abdomen, these are 


studied in series of frozen sections. Hach student is supplied with a set 


of 
as 


il. 


blue prints of the sections upon which he writes the names of the parts 
he identifies them. 


DEMONSTRATIONS. 


Charles R. Bardeen, Johns Hopkins University: Specimens illustrating 
the bimeric distribution of the spinal nerves in elasmobranchii and 
urodela. 


. Lydia M. DeWitt, University of Michigan. Models of an area of Langer- 


hans. 


. Addinell Hewson, Jefferson Medical College: Specimens of brains for 


class demonstration. 


. G Carl Huber, University of Michigan: Models showing the develop- 


ment and form of the uriniferous tubules in certain mammals. 


. William Keiller, University of Texas: a. Sections of the odoriferous 


glands of the human axilla. 0. Specimens showing the use of carmine 
gelatine injection in ordinary dissecting room cadavers. c. Museum 
specimens. 


_ H. McE. Knower, Johns Hopkins University: a. Drawings for anatomical 


publication. 0b. Specimens illustrating some modifications in the de- 
velopment of the tadpole produced by early removal of the heart rudi- 
ment. 


. Warren H. Lewis, Johns Hopkins University: Preparations obtained in 


experimental studies on the development of the eye of amphibia. 


. Leo Loeb, Department of Pathology, University of Pennsylvania: a. Pro- 


gressive changes of ova in the ovary of the guinea pig. 0b. A hyper- 
trophic variety of atresia of the follicles in the guinea pig. 

C. F. W. McClure, Princeton University: Exhibit of anatomical prepara- 
tions from the morphological museum of Princeton University; pre- 
pared and mounted by the curator, C. F. Silverton. 


. J. Playfair McMurrich, University of Michigan: A cast of the internal 


ear prepared after the Von Stein method. 


_ E. Lindon Mellus, Johns Hopkins University: Preparations illustrating 


experimental degeneration of the cortico-temporo-pontine tract. 


. William §. Miller, University of Wisconsin: Models showing the develop- 


ment of the lung in chrysemys picta. 


. Stewart Paton, Johns Hopkins University: The relations of the “ Golgi 


nets” and their relation to the specific grey substance. 


_ Florence R. Sabin, Johns Hopkins University: a. Models of the human 


medulla. b. Specimens of developing lymph nodes. 
ti 
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15. Edw. Anthony Spitzka, Columbia University: Preparations showing the 
form of the human heart and the stomach in their contracted condi- 
tions. 

16. G. L. Streeter, Johns Hopkins University: a. Sections showing the 
myelin sheath of material, first stained in toto, and then embedded in 
paraffin. 0b. Profile reconstructions showing the development of the 
nerves in the occipital region in the human embryo, together with 
control-dissections of the same region in pig embryos. 

17. R. J. Terry and J. A. Brown, Washington University, St. Louis, Mo.: 
Models of the human temporal bone. 


CONSTITUTION AND LIST OF OFFICERS AND MEMBERS. 
CONSTITUTION. 


AVR CE) ale 


Section 1. The name of the Society shall be the “ Association of 
American Anatomists.” 

Section 2. The purpose of the Association shall be the advancement 
of anatomical science. 


ARTICLE II. 


The officers of the Association shall consist of a President, two Vice- 
Presidents, and a Secretary, who shall also act as Treasurer. ‘The officers 
shall be elected by ballot every two years. 


ARTICLE III. 


The management of the affairs of the Association shall be delegated 
to an Executive Committee, consisting of seven members, including the 
President and Secretary, ex-officio. One member of the Executive Com- 
mittee shall be elected annually. 


ARTICLE IV. 


The Association shall meet annually, the time and place to be deter- 
mined by the Executive Committee. 


ARTICLE V. 


Section 1. Candidates for membership must be persons engaged in 
the investigation of anatomical or cognate sciences and shall be pro- 
posed in writing to the Executive Committee by two members, who shall 
accompany the recommendation by a list of the candidate’s publications, 
together with the references. The election shall take place in open 
meeting, a two-thirds vote being necessary. . 


Proceedings of the Association of American Anatomists XIX 


Section 2. Honorary members may be elected from those not Ameri- 
cans who have distinguished themselves in anatomical research. 


ARTICLE VI. 


The annual dues shall be five dollars. A member in arrears for dues 
for two years shall be dropped by the Secretary at the next meeting of 
the Association, but may be reinstated, at the discretion of the Executive 
Committee, on payment -of arrears. 


ARTICLE VII. 


Section 1. Five members shall constitute a quorum for the transac- 
tion of business. 

Section 2. The ruling of the Chairman shall be in accordance to 
“ Roberts’ Rules of Order.” 


OrDERS ADOPTED BY THE ASSOCIATION. 


That any change in the constitution of this Association must be pre- 
sented in writing at one meeting in order to receive consideration and 
be acted upon at the next meeting; due notice of the proposed change 
to be sent to each member at least one month in advance of the meeting 
at which such action is to be taken. 

The election of delegates to the Executive Committee of the Congress 

“of American Physicians and Surgeons shall take place every three years. 

Newly-elected members must qualify by payment of dues for one year 
within thirty days after election. 

The maximum limit of time for the reading of papers shall be twenty 
minutes. 

The Secretary and Treasurer shall be allowed his traveling expenses 
and the sum of $10 toward the payment of his hotel bill, at each session 
of the Association. 

That the Association discontinue the separate publication of its pro- 
ceedings, and that the American Journal of Anatomy be sent to each 
member of the Association, on payment of the annual dues, this journal 
to publish the proceedings of the Association, including an abstract of 
the papers read. 

Contributors of papers are requested to furnish the Secretary with 
abstracts within a fortnight after the meeting. 
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